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This  report  covers  investigative  research  conducted  into  high  density  recording 
technologies  for  the  Wavy  Technical  Information  Presentation  Program  (NTIPP). 

Mechanical  and  optical  storage  and  retrieval  systems  have  been  investigated, 
potential  manufacturers  visited,  patents,  technical  literature  and  other  pertinent 
data  thoroughly  studied,  and  an  outside  consultant  employed  to  complement  this  study. 

As  of  this  date  all  disc  technology  by  manufacturers  within  the  United  States  is 
developmental.  Several  firms,  state  they  could  begin  marketing  a  player  within 
twelve  months.  However,  all  systems  have  various  development  problems  yet  to  be 
overcome . 

For  medium  volume  distribution  as  required  for  the  NTIPP,  a  photographic 
recording  and  replication  medium  should  prove  to  be  the  most  advantageous  system. 

Within  the  time  frame  of  the  NTIPP  development  phase,  many  of  the  recording  and 
distribution  methods  discussed  in  this  report  will  be  fully  developed.  Their  inherent 
capability  for  random  access  retrieval  of  textual  data,  and *wi thin  the  same  record, 
inclusion  of  motion,  color,  or  sound  as  desired,  will  make  Hideo  discsC^the  prime 
contender  as  the  most  logical  and  cost  effective  system  for  use  in  the  NTIPP.- 
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i  objective 


A.  The  general  objective  of  the  Navy  Technical 
Information  Presentation  Program  (NTIPP),  of  which  this 
study  is  a  part,  is  to  provide  an  integrated  system  to 
produce,  revise,  distribute,  retrieve,  monitor  use  of, 
provide  feedback  for,  and  track  cost  of  technical  manuals 
(TM's)  while  improving  the  operation  and  maintenance  of  Navy 
hardware  systems. 

B.  The  objective  of  this  project  is  to  monitor 
developments  within  the  "Video  Disc"  and  mass  information 
storage  technology  fields  for  potential  applications  to  the 
NTIPP. 

II  APPROACH 

A  literature  search  was  initiated  to  study  those 
American  firms  known  to  be  actively  engaged  in  research  on 
some  form  of  disc  technology.  Those  manufacturers  expected 
to  eventually  offer  a  hardware  or  software  product  for  the 
home,  industrial,  educational,  or  Government  markets  are  as 
follows: 

Ampex  Corporation 
401  Broadway,  M/S  3-21 
Redwood  City,  CA  94063 

Bell  4  Howell  Company 
6800  McCormick  Road 
Chicago,  ILL  60645 
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Digital  Recording  Corporation 
P.0.  Box  6 

Scarborough,  NY  10510 

Electronics  &  Optical  Systems  Research 
Philips  Laboratories 
345  Scarborough  Road 
Briarcliff  Manor,  NY  10510 

Gotham  Audio  Corporation  (TED) 

741  Washington  Street 
New  York,  NY  10014 

IBM  Corporation 
Parsons  Pond  Drive 
Franklin  Lakes,  NJ  07417 

Logicon  Corporation 
21535  Hawthorne  Blvd. 

Torrance,  CA  90503 

MCA  Disco-Vision 

100  Universal  City  Plaza 

Universal  City,  CA  91608 

3M  Company 

Duplicating  Products  Division 
3M  Center,  Building  2 35— E 1 3 
St.  Paul,  MINN  55101 

Video  Disc  Recorders,  Inc. 

1901  Avenue  of  the  Stars,  Suite  1630 
Los  Angeles,  CA  90067 

Xerox  Corporation 
Palo  Alto  Research  Center 
3333  Coyote  Hill  Road 
Palo  Alto,  CA  94304 

Zenith  Radio  Corporation 
1900  North  Austin 
Chicago,  ILL  60639 

I/O  Metrics  Corporation 
Sunnyvale,  California  94086 


Ill  FACTUAL-  DATA 


a.  Background 

During  the  latter  half  of  the  1960's,  a  number  of 
consumer  electronics  manufacturers  in  the  USA,  Europe,  and 
Japan  began  to  explore  new  types  of  video  equipment  which 
would  permit  the  packaging  and  marketing  of  entertainment, 
educational,  and  industrial  audio-visual  programs.  The 
record  used  in  this  new  high  density  recording  technology  is 
often  referred  to  as  a  "video  disc",  although  not  truly  a 
disc  In  all  Instances.  This  record  would  be  placed  upon  a 
"video  player"  similar  to  the  ordinary  phonograph  record 
player  and  attached  to  the  TV  antenna  on  one's  TV  set.  The 
record  could  contain  a  TV  program,  in  full  color,  such  as  a 
movie  or  event.  By  use  of  this  high  density  recording 
technology,  these  records  can  be  manufactured  and 
commercially  marketed  for  an  estimated  cost  of  between  $2.00 
and  $10.00  for  the  disc,  depending  on  royalty  or  license 
cost  for  program  material.  The  projected  cost  of  the  player 
device  for  the  records  is  estimated  at  from  $200  to  $1000 
depending  on  the  manufacturer  and  capabilities  of  the 
device . 
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B.  Discussion 

1.  The  idea  of  packaging  video  programs  for 
entertainment  use  is  not  new.  Since  Americans  spend 
billions  of  dollars  on  phonograph  records  every  year,  it  is 
highly  probable  that  video  recording  holds  vast  economic 
promise  particularly  for  the  home  entertainment  and 
educational  fields. 


V- 


m 

* 


2.  While  the  high  packing  density  capability  of 
electro/optical  laser  recording  has  been  known  to  engineers 
for  some  time,  the  technological  problems  of  mass  producing 
the  systems  economically  have  had  to  be  overcome. 

3.  Most  all  video  recording  systems  operate  on  a 
principle  of  making  a  permanent  record  of  the  stream  of 
electrical  impulses  which  constitute  a  TV  signal,  then 
recreating  that  signal  on  a  TV  screen  when  the  record  is 
played  back.  Television,  like  the  movies,  creates  an 
illusion  of  motion  by  presenting  a  series  of  pictures  in 
rapid  sequence,  each  one  slightly  different  from  its 
predecessor.  This  illusion  of  motion  requires  30  frames  per 
second  for  television,  or  5^,000  individual  frames  of 
information  per  half  hour  record.  Each  TV  frame  consists  of 
approximately  100,000  impulses  (or  more  properly,  "bits"). 
This  means  that  the  video  disc  system  must  handle  3  million 
separate  and  distinct  bits  every  second.  All  this  data,  or 
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programming,  must  be  contained  on  a  record  for  mass 
distribution  to  the  user. 

4.  In  the  true  "Disc"  system,  as  presented  in 
enclosures  (1)  through  (5),  the  disc  is  turned  rapidly  (1800 
r.p.m.  NTSC,  1500  r.p.m.  PAL)  so  that  the  track  of  recorded 
information  moves  past  a  scanning  point  which  transforms 
light  variations  into  an  electrical  impulse  as  each  separate 
bit  passes.  When  successive  recorded  bits  vary  in  any 
discernible  manner,  variations  occur  in  the  stream  of 
impulses  emanating  from  the  scanning  point  and  are 
transmitted,  amplified  and  presented  on  the  TV  screen  as 
successive  changes  of  light  value  from  spot  to  spot,  thus 
forming  a  visible  image  on  the  screen. 

5.  A  second  system  concept  and  record  format  is 
presented  by  Digital  Recording  Corporation  in  enclosure  (6). 
The  record  is  rectangular  and  fixed  in  position.  The  data 
is  read  by  a  spinning  multi-lens  scanner  located  under  the 
record  and  moved  along  the  length  of  the  record  to  provide 
the  data  stream  of  video  information. 

6.  There  are  two  basic  methods  of  record 

preparation  and  replication  to  be  used  in  optical  play  back 
devices:  The  impression  stamping  method  employed  by  Zenith, 

MCA-Philips ,  RCA  and  others  and  the  photographic  method  used 
by  I/O  Metrics  and  Digital  Recording  Corporation. 
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a.  Impression  Stamping.--  Impression  stamping 


requires  an  expensive,  complicated  and  exacting  process. 

The  cost  of  equipment  to  prepare  the  master  disc  and  to 
manufacture  the  stamped  duplicates  is  approximately 
$250,000.  This  process  requires  approximately  4  hours. 

After  masters  are  made,  the  duplicate  records  can  be 
manufactured  very  economically  for  large  distribution 
requirements.  Only  in  extremely  high  quantities  does  the 
impression  stamped  record  become  cost  effective  over 
photographic  reproduction.  Companies,  such  as  MCA/Philips, 
are  presently  having  difficulties  with  consistent 
replication  of  discs  in  mass  production. 

b.  Photographic  Recording 

1 .  Photographic  recording  and  duplication 
can  be  done  much  faster,  and  cheaper  for  smaller 
distribution  requirements.  The  program  is  recorded  on  the 
original  photosensitive  record  in  real-time,  processed  by 
photographic  methods  and  contact  printed  for  duplicate 
records.  The  cost  of  the  device  for  photographic  recording 
is  estimated  at  $35,000. 

2.  I/O  Metrics  discs  could  be  duplicated 
on  special  die  cut  film  in  any  photographic  laboratory 
equipped  with  a  high  resolution  contact  printer.  Special 
high  volume  printers  could  be  manufactured  to  allow 
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automated  production  rates  up  to  2500  per  hour.  DRC  records 
should  be  able  to  be  duplicated  on  high  resolution  aerial 
roll  film  printers  at  rates  between  10,000  and  20,000  per 
hour. 


3.  The  signal  recorded  on  film  in  the  two 
photographic  systems  differ  in  that  the  present  I/O  Metrics 
signal  is  recorded  in  AM  analogue  format  and  the  DRC  signal 
is  converted  to  digital  format  before  recording.  It  is  felt 
that  the  digital  signal  has  several  advantages,  and  a 
digital  signal  conversion  by  I/O  Metrics  or  any  other 
manufacturer  is  possible.  Digital  format  signals  are  easier 
to  utilize  by  computers,  and  N7IPP  systems  will  probably  be 
computer  controlled  to  some  extent.  The  digital  signal  is 
also  far  easier  to  record  and  duplicate  in  the  photographic 
format.  The  recorded  high  contrast  spots  form  binary 
numbers  which  differ  from  the  definite  shape  and  pattern  of 
analogue  signals.  The  spots  can  be  duplicated  through  many 
generations  without  an  increase  in  signal-to-noise  ratio  due 
to  image  degradation  of  the  analogue  signal  shape. 


4.  Photographic  duplicaton  could  be 
accomplished  in  field  locations  for  local  use.  At  present, 
real-time  playback  is  not  commercially  possible  on  "Video 
Discs",  but  development  work  is  under  way  for  real-time 
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playback  through  use  of  electrostatics,  dye  imaging,  heat 
deformable  plastics,  photopolymers  and  other  promising 
techniques  which  may  be  feasible  within  the  time  frame  of 
the  NTIPP . 

c.  Magnetic  Video  Tape. —  On  magnetic  video 
tape,  the  individual  "bits"  of  the  TV  pictures  are  indeed 
small,  but  for  a  half-hour  program  it  still  takes  about  1100 
feet  of  tape,  2  inches  wide,  or  nearly  200  square  feet  of 
tape  surface,  to  hold  all  program  bits.  The  video  disc,  due 
to  the  data  packing  ability  of  optical-laser  recording,  can 
reduce  the  same  program  onto  space  about  one-half  of  one 
square  foot  of  surface.  Technology  being  developed  in  data 
compression  techniques  promises  vastly  higher  packing 
density  within  the  time  frame  of  the  NTIPP. 

IV  APPLICATIONS 


A  photographic  disc  (or  other  type  record)  carrying 
the  equivalent  of  approximately  5^,000  facsimile  pages  of 
information  can  be  utilized  in  almost  any  desired  format  or 
presentation  method.  Text,  graphics,  still  frames,  audio 
or  full  sound  motion  picture  action  are  available  to  the 
user  as  programmed  for  presentation.  If  utilized  on  a  color 
TV  screen  the  program  may  be  either  black  and  white  or  full 
color  as  desired.  Headings,  chapters,  pages  or  programs  can 
be  retrieved  on  demand  by  random  access  command. 


This  information  would  be  displayed  on  a  standard  or 
high  resolution  TV  screen.  After  selection  of  a  program  or 


location  of  a  page  of  desired  information,  hard  copy 
printout  is  available  utilizing  electrostatic  reproduction 
from  the  video  screen  or  through  high  speed  mechanical 
printout.  If  the  information  is  graphic  or  pictorial,  the 
operator  could  "blow  up"  (increase  the  size  of)  the  desired 
section  of  the  graphic  display,  press  a  button  for  hard  copy 
and  obtain  the  desired  copies.  If  large  engineering 
drawings  are  being  displayed,  a  "Plasma  Panel"  device  is 
available  which  would  display  the  information  in  3izes  up  to 
a  class  D  drawing.  This  screen  is  not  suitable  for  motion 
or  continuous  tone  photographs  but  is  excellent  for 
graphics.  The  signal  is  compatible  to  both  CRT  and  Plasma 
Panel  presentations. 

V  RESULTS 

A.  Photographic  Discs 

1.  The  I/O  Metrics  Corporation,  see  enclosure 
(1),  has  been  experimenting  with  photographic  discs  and  has 
demonstrated  an  inexpensive  method  of  photographic  recording 
in  which  the  disc  can  record  one  full  hour  of  TV.  It  is 
also  claimed  that  the  playback  system,  which  can  be  attached 
to  any  commercial  TV  set,  will  retail  for  under  $300. 


2.  Digital  Recording  Corporation  (DRC),  enclosure 
(6),  utilizes  a  rectangular  format  or  a  film  strip  contained 
in  a  short  cassette.  This  film  could  be  advanced  and 
scanned  in  frame  format  and  would  provide  variable  program 
length.  The  company  also  claims  a  uniaue  data  compression 
and  redundancy  removal  system  which  will  allow  a  20  to  30 
minute  program  to  be  distributed  on  a  film  chip  the  size  of 
a  standard  IBM  card.  The  DRC  player  is  forecast  in  the  same 
price  range  as  the  I/O  Metrics  player. 

3.  Both  photographic  systems  utilize  a  visible 
photographic  image  of  the  recorded  signal.  Regardless  of 
signal  format,  direct  analogue  or  an  A/D  converted  digital 
signal,  it  is  recorded  by  modulated  laser  beam  and  can  be 
read  out  by  either  laser  or  incandescent  light.  Laser 
read-out  has  several  advantages,  in  that  coherent  light  can 
be  directed  more  accurately,  holographic  lens  systems  for 
light  control  can  probably  be  utilized  in  the  near  future, 
and  acousto-optical  techniques  can  be  utilized  to  reduce  the 
moving  parts  within  the  recorder  or  player. 

VI  CONCLUSIONS 

It  is  concluded  that: 

A.  Although  this  is  a  final  report  on  FY76 
investigations,  continuing  survey  of  the  industry  is 


required  to  keep  abreast  of  developments  applicable  to  the 
NTIPP.  The  Naval  Photographic  Center  is  also  interested  in 
this  technology  for  distribution  of  motion  picture  programs 
and  in  intelligence  gathering  through  recording  of  signals 
from  electro-optical  sensors. 

B.  Research  activity  in  the  area  of  acousto-optical 
control  of  coherent  light  beams  has  made  progress  recently. 
It  is  certainly  reasonable  to  anticipate  that  "in  the 
future"  all  scanning  of  optical  data  stores,  can  be  carried 
out  by  electronic  means,  thereby  removing  virtually  all 
moving  parts  from  the  playback  unit. 

C.  Electro/Optical  recording  and  playback  technology 
using  photographic  discs  (or  other)  type  records,  are 
systems  that  can  play  a  viable  part  in  the  NTIPP. 

D.  The  coupling  of  this  system  with  electrostatic  and 
other  reproduction  devices  to  provide  immediate  hard 
facsimile  copy  from  the  video  display  screen  is  commercially 
available  and  should  be  considered  as  "state  of  the  art". 

E.  The  extreme  high  density  packing  of  recorded  data 
that  can  be  placed  upon  a  video  disc  via  laser  or  electron 
beam  recording  techniques,  should  supercede  microfilm  as  a 
means  of  storage  and  retrieval  of  data  in  most  applications. 
The  ability  to  freeze  frame,  fast  forward  and  reverse,  and 
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random  access  retrieval  are  all  capabilities  of  this  new 
technology.  The  inclusion  of  both  sound  and  motion  make 
these  potentials  ideal  for  the  NTIPP. 

F.  A  recording/playback  system  for  archival  storage 
of  information,  with  random  access  retrieval  through  digital 
signals  can  result  in  an  information  density  three  million 
times  greater  than  the  original  material  and  approximately 
8000  times  greater  than  microforms. 

G.  Video  presentation  of  information  is  highly 
practical  for  the  NTIPP.  This  has  been  verified  in  Human 
Engineering  studies  for  the  NTIPP. 

H.  Computerization  of  an  entire  system  is  within  the 
"state  of  the  art"  and  there  are  cost  effective  alternatives 
to  the  use  of  large  "Main  Frame"  computers  in  control  of 
this  system.  Variations  of  micro-processor  controls, 
combined  with  digital  format  information,  will  allow 
sophisticated  information  storage  and  information  handling. 
For  example,  digital  addresses  on  each  frame  within  a  record 
could  allow  programmed,  "computer-aided"  type  of  instruction 
or  information  presentation  without  the  cost  or  complexity 
of  a  computer. 

I.  Many  video  disc  concepts  are  quite  similar  but, 
much  additional  development  and  money  is  required  before 


12 


any  system  can  be  marketed  either  for  commercial  or 
Government  use.  Each  has  its  advantages  and  disadvantages. 
However,  photographically  prepared  records  for  the  NTIPP 
outweigh  other  known  technologies  currently  available. 

J.  The  high  volume  entertainment  market  is  the 
initial  goal  of  the  larger  industrial  firms  such  as 
MCA-Philips,  Zenith,  RCA,  TED  (Berlin),  etc. 

K.  Technical  manuals  prepared  in  the  photographic 
"disc"  format  can  be  updated  by  reissue  of  a  new  "disc".  The 
entire  new  manual  can  then  be  issued  at  the  approximate  cost 
of  the  present  page  change. 

L.  Problems  in  the  materials  and  methods  for 
replication  of  discs  is  the  main  obstacle  to  marketing  of 
stamped  impression  video  discs  at  this  time.  The 
photographic  systems  also  need  further  development  before 
introduction. 

M.  It  is  too  early  in  our  study  to  state  with 
emphasis  the  desirability  of  one  manufacturer's  concept  over 
another.  Further  studies  must  be  made.  It  is  highly 
probable  that  new  concepts  will  be  forthcoming  from  high 
density  recording  and  playback  technology. 
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N.  Many  firms  are  working  on  "Video  Disc"  technology 
and  much  information  has  been  forthcoming  from  these  firms 
and  the  media.  To  provide  descriptions  of  the  prime 
systems,  descriptive  copyrighted  data  has  been  included  as 
enclosures  in  this  report. 

O.  There  appears  to  be  an  effort  being  made  between 
several  firms  to  standardize  on  compatible  software  in  which 
the  discs  could  be  interchanged  between  players. 

P.  The  photographic  system  appears  most  desirable  at 
this  time  for  the  NTIPP  and  most  military  applications. 

Q.  Technologies,  when  available  fcr  real-time 
recording  and  playback  from  video-discs,  will  offer  serious 
competition  to  the  magnetic  tape  industry. 

R.  There  is  only  one  known  video-disc  system  being 
commercially  marketed  at  this  time,  i.e.,  the  TED 
pressure-grooved  system  manufactured  by  Telefunken  A.G., 
Berlin,  W.  G.  This  system  is  considered  unsuitable  for 
NTIPP. 
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It  is  recommended  that: 

A.  This  report  be  made  available  to  other  DoD 
activities,  and  that  Tri-service  applications  and 
requirements  be  coordinated. 

B.  Data  in  these  reports  be  turned  over  to  the  NTIPP 
prime  contractor. 

C.  That  there  be  continued  contact  and  coordination 
between  The  Naval  Photographic  Center,  R&D  Department  and 
NTIPP  personnel. 

D.  This  study  effort  be  continued. 
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systems  application 
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optical  videodiscs 
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Initial  research  and  development  of  video  discs  have  been 
directed  to  one  limited  goal:  the  retrieval  of  ten  to  thirty 
minutes  of  video  and  video-synchronized  audio  from  one  disc 
of  approximately  thirty  centimeters  diameter.  The  video  and 
audio  signals  are  to  be  compatible  for  playback  on  any  typical, 
non-professional  consumer  television  set,  via  transmission  to 
the  external  antenna  input  of  the  set.  Numerous  systems  to 
accomplish  this  goal  have  now  been  demonstrated.  Attention 
is  now  centered  on  the  further  refinement  of  the  demonstrated 
systems,  and  on  the  extension  of  the  video  disc  capability  to 
new  areas  of  application.  A  summary  of  several  of  these 
potential  areas  of  application  is  presented  in  Table  1,  along 
with  an  indication  of  the  required  disc  formats  and  the  disc 
player  configurations.  Also  described  in  Table  I  is  the  con¬ 
sumer-compatible  application,  and  some  of  the  desirable 
features  which  could  be  added  to  the  basic  playback  device. 


APPLICATION 

DISC  PARAMETERS 

PLAYBACK  DEVICE 
CONFIGURATION 

1.  Video  Playback 

10-30  min.  playing 
time  from  continuous 
video  signal  on  spiral 
track 

Realtime  forward/ 
reverse,  stop  frame, 
optional  slow  crawl/ 
rapid  advance 

2.  Video  Visual 
Image  Store 

5,000-50.000  indexed 
circular  video  tracks 

Computer  controlled 
rapid-random  access 

3.  Educational/ 
Institutional 

Segmented  video 
signal  on  spiral  track 

Programmed  inter¬ 
active  playback  under 
local  computer  control 

4.  Read  Only 
Memory/High 
Density  Data 
Store 

Circular  video  or 
circular  computer 
compatible  digital 
tracks 

Fixed  head,  electron¬ 
ically  switched  video / 
digital  read 

Tab)*  I  Applications  and  parameters/ playback  configuration 
for  video  disc  systems. 
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Simple  continuous  retrieval  of  the  video  and  audio  informa¬ 
tion  from  a  spiral  track  or  a  set  of  circular  tracks  can  be  ac¬ 
complished  by  means  of  several  different  technologies,  utiliz¬ 
ing  either  magnetic,  capacitive,  mechanical,  or  optical  means. 
However,  whenever  additional  system  requirements  are  intro¬ 
duced,  such  as  extended  stop-frame  or  rapid  random  access, 
only  optical  retrieval  offers  a  significant  capability.  Indeed, 
even  the  simple  system  requirement  of  maintaining  file  in¬ 
tegrity  in  use  will  in  most  applications  eliminate  all  but  an 
optical  retrieval.  Typical  capacitive  and  mechanical  retrieval 
means  are  limited  to  approximately  100  passes  at  the  data  on 
the  disc,  at  which  point  significant  degradation  is  introduced. 
Magnetic  storage  of  the  information  on  the  disc  does  not  pro¬ 
vide  archival  protection  in  the  presence  of  small  thermal  and 
magnetic  shocks. 

A  final  consideration  with  respect  to  systems  applications 
of  optical-based  video  discs  is  the  overall  ease  with  which  the 
video  disc  component  of  the  system  may  be  used.  A  film-based 
video  disc  technology  offers  maximum  flexibility  in  those 
areas  where  only  small  numbers  of  copies  are  made,  and  where 
mastering  and  duplicating  costs  would  otherwise  dominate.  A 
non-film  based  optical  technology  requires  a  complex  se¬ 
quence  of  steps  to  generate  a  playable  copy.  For  example,  to 
generate  a  pressed  PVC  disc  for  use  with  an  optical  readout, 
the  following  steps  are  required:  first,  a  metal  coated  glass 
master  is  mounted.  The  video  signal  is  burned  into  the  metal 
coating  using  a  high  power  laser.  The  metal  coating  is  subse¬ 
quently  over-coated  with  a  layer  of  photoresist  that  is  exposed 
through  the  under-surface  of  the  disc  to  ultra-viloet  light.  A 
negative  working  photoresist  is  used,  so  subsequent  develop¬ 
ment  leaves  only  the  exposed  areas.  Finally,  electrodeposition 
of  an  appropriate  metal  on  the  photoresist  yields  a  stamping 
tool  which  may  be  used  to  press  PVC  discs.  In  contrast,  a 
photographic  film  disc  is  exposed  with  a  low  power  laser,  and 
developed  in  under  ten  minutes  in  a  simple  automated  film 
processor.  Here,  the  master  photographic  film  disc  is  immedi¬ 
ately  playable,  or  may  be  used  to  generate  copies  by  means 
of  a  simple  contact  printing  process. 

In  order  to  exploit  these  basic  advantages  of  the  film-based 
video  disc  technology,  development  of  the  recording  and 
playback  capability,  as  described  below,  has  been  in  the 
direction  of  greatest  ease  and  most  natural  execution. 

FILM  DISC  RECORDING 

The  actual  recording  process  for  a  given  video  film  disc  de¬ 
pends  on  the  eventual  application  in  which  the  disc  will  be 


used  A  general  recorder  has  been  developed  which  it  consist¬ 
ent  with  recording  file-indexed  circular  tracks  or  a  continuous 
spiral  at  arbitrary  densities  exceeding  500  trackt/mm.  The 
optical  layout  of  the  recorder  is  presented  ir  Fig.  I .  In  detail,  a 
low  power  3mw  HeNe  laser  delivers  light  to  an  acoutto-optical 
modulator  The  signai  of  interest  is  induced  on  the  laser  beam 
by  means  of  the  modulator  driver  This  signal  can  be  either  the 
direct  analog  video  signal,  or  a  frequency  or  pulse  position 
modulated  video  signal,  or  in  general  any  analog  or  digital 
signal.  The  modulated  laser  beam  is  delivered  to  the  surface  of 
the  film  disc  by  an  ordinary  microscope  objective,  with  a 
numerical  aperture  chosen  between  0.1  and  0.8.  depending  on 
the  particular  application.  Further  details  include  a  beam 
contractor  before  Ihe  modulator  lo  increase  its  frequency 
response  lo  -3dB  al  7MHz;  and  a  sel  of  transfer  optics  to 
match  the  aperture  of  ihe  modulated  beam  to  that  of  the 
microscope  objective. 

;  i 
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Figure  1.  Optical/mechanical  layout  of  the  laser  disc  recorder 
for  lecording  the  floppy  disc  mode. 

All  recording  is  carried  out  directly  on  the  film  sheet  in  a 
floppy  disc  mode  without  using  any  rotating  supporting  sub¬ 
strate.  Historically,  film-based  disc  recording  was  carried  out 
using  emulsions  bonded  directly  onto  glass  plates,  or  film 
sheets  mounted  on  large  optical  flate.  This  use  of  massive 
glass  substrates  introduces  considerable  mechanical  difficulty 
and  also  considerable  danger,  as  the  discs  must  be  rotated  in 
excess  of  ten  times  per  second.  Elimination  of  the  glass  sub¬ 
strate  by  recording  directly  on  the  film  sheet  supported  only 
by  an  air  bearing  significantly  simplifies  the  mechanical  con¬ 
figuration  and  also  makes  the  practicing  of  the  recording 
process  significantly  easier. 

The  most  severe  mechanical  constraint  remaining  is  that  the 
disc  must  spin  flat  to  the  depth  of  focus  of  the  recording 
objective,  or  several  microns.  The  film  disc  is  a  I00n  thick 
mylar  sheet  with  an  emulsion  on  the  order  to  5«  thick;  it  is 
spun  some  hundreds  of  microns  above  an  appropriately 


configured  stationary  support  plate.  The  rate  of  rotation 
required  by  video  and  high  bandpass  digital  recording,  in 
excess  of  10Hz,  is  sufficient  to  flatten  the  disc  at  any  one 
fixed  radius  to  several  microns.  The  film  sheet  is  of  course  a 
flexible  membrane,  and  hence  acquires  a  radial  profile  in 
rotation.  By  appropriate  choice  of  the  support  plate,  the  air 
bearing  will  generate  a  profile  flat  to  within  I0»  over  the  disc 
radii  at  which  recording  is  carried  out.  Fig.  2  shows  a  typical 
disc  profile  as  measured  on  the  recorder.  Note  (hat  the  most 
rapid  variation  of  vertical  position  of  the  disc  surface  occurs  at 
the  larger  radii,  where  the  signal  recorded  is  leas!  affected  by 
such  variations.  Fortunately,  a  given  disc  profile  does  not  seem 
highly  sensitive  to  local  irregularities  (on  the  order  of  50»)  of 
the  stationary  support  plate.  Instead,  only  the  global  character 
of  ihe  plate  and  the  air  flow  that  it  introduces  are  important. 

Control  of  the  initial  focus  of  the  laser  beam,  and  elimina¬ 
tion  of  the  effect  of  disc  profile,  are  provided  by  directly 
viewing  ihe  focused  beam  on  the  disc  surface.  This  is  ac¬ 
complished  by  introducing  a  beam  splitter  (actually,  a  clear 
optical  glass)  above  the  microscope  objective.  Light  scattered 
from  the  emulsion  back  through  the  objective  is  re-imaged 
onto  a  viewing  screen.  Control  of  the  focused  beam  by  mecha¬ 
nical  translation  of  Ihe  objective  is  to  nearly  a  micron.  Di¬ 
rection  of  motion  (up  or  down)  is  indicated  by  using  a  slightly 
off-axis  beam  in  recording. 

As  indicated  in  Fig.  I ,  Ihe  laser  beam  after  passing  through 
ihe  film  is  directed  onto  a  silicon  photodiode.  For  maximum 
flexibility  this  can  be  done  with  a  small  fiber  optic,  thus  allow¬ 
ing  a  realtime  monitoring  of  the  modulated  laser  beam 
throughout  Ihe  recording  process. 

The  resulting  master  disc  is  shown  in  Fig.  3.  This  particular 
disc  has  a  33cm  diameter;  the  disc  itself  has  the  physical 
properties  of  an  ordinary  sheet  of  negative  black  and  white 
photographic  film.  It  contains  a  continuous  spiral  video 
track  with  a  2.7»  center-to-center  track  spacing.  The  resulting 
playing  time  at  the  normal  NTSC  video  framing  rate  is  20 
minutes.  Increases  of  playing  time  by  a  factor  of  two  or  three 
can  be  achieved  by  the  layering  of  discs  in  the  vertical  direc¬ 
tion.  Playing  time  can  also  be  increased  by  increasing  the  track 
density,  or  by  the  iniroduction  of  appropriate  skip  line  or  skip 
frame  technique.  In  general,  any  of  these  means  for  significant¬ 
ly  increasing  the  playing  time  requires  additional  sophistica- 
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Figure  2.  Variation  in  height  of  the  film  disc  surface  as  a 
function  of  radius.  Measurements  ware  taken  with  the  disc 
rotating  at  1800  rpm.  with  the  height  at  each  radial  point 
being  an  average  for  the  disc  circumference. 
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lion  in  the  playback  device. 

The  film-based  video  disc  as  shown  in  Fig.  3  is  impervious 
lo  normal  handling  hazards.  It  can  be  stored  or  shipped  in  a 
rolled  or  flat  form  The  information  contained  on  the  disc 
itself  has  all  of  the  usual  archival  characteristics  associated 
with  photographic  film  recording  Minor  environmentally 
induced  imperfections  (fingerprints,  dust,  scratches)  are  out  of 
focus  or  are  undetectable  when  high  numerical  apertures  arc 
used  on  replay.  Major  environmental  insults  are  often  tolerable 
due  to  the  inherent  redundancy  in  a  typical  video  signal.  In 
general,  restoration  of  the  disc  even  after  extensive  handling  is 
easily  achieved  by  use  of  ordinary  film  cleaner  to  eliminate 
foreign  matter  accumulated  on  the  disc  surfaces. 

FILM  DISC  PLAYBACK 

Replay  of  the  film  video  disc  can  be  accomplished  by  use 
of  cither  a  laser  or  an  incandescent  light  source.  Use  of  the 
laser  provides  a  higher  bandpass  and  increased  signal  to  noise 
ratio,  at  the  expense  of  the  requirement  for  more  sophisticated 
optical  and  electronic  servo  systems.  Also,  the  introduction 
of  the  laser  playback  operated  at  its  higher  bandpass  intro- 
du.es  coherent  noise  at  the  detector  resulting  from  residual 
random  film  structure  However,  careful  optical  alignment  can 
produce  a  high  quality  video  signal  compatible  with  a  standard 
television  display  This  is  indicated  in  Fig.  4  (photo  on  front 
cover)  Here  the  laser  recorder  is  being  used  to  replay  a  pre¬ 
viously  exposed  and  developed  film  disc.  The  original  signal  re¬ 
corded  on  the  disc  was  a  full  NTSC  signal,  derived  from  a 
normal  commercial  video  broadcast  ("Rhyme  and  Reason," 
W  T.  Naud  Productions)  Visible  in  the  foreground  is  the  laser 
beam  which  is  here  being  used  to  read  the  signal  on  the  disc. 
The  signal  was  recorded  in  the  direct  analog  mode  with  pre¬ 
emphasis  at  the  3.58MHz  sub-carrier  frequency  The  signal  as 
presented  on  the  standard  3-color  monitor  is  dervied  directly 
from  the  amphitude  modulation  of  the  laser  intensity  by  the 
analog  pattern  on  the  disc:  the  only  signal  processing  involved 
in  letneval  is  the  restoration  of  the  chrominance  time-base 
stability,  to  allow  use  of  a  non-critical,  free-running  rotation  of 
the  disc. 

Many  systems  applications  require  a  less  critical  configur¬ 
ation  involving  an  incandescent  light  source  rather  than  the 
coherent  laser  source  Fig.  5  shows  a  standard  opto-mechamcal 
design  appropriate  for  use  with  an  incandescent  source. 
Playback  device  development  has  been  directed  towards  max¬ 
imum  ease  and  maximum  stability  in  use  for  such  applications. 
Basic  to  this  capability  is  the  inherent  flexibility  of  the  non- 
contact  optical  read  method,  the  utilization  of  an  incandescent 
source  for  illumination,  and  the  careful  exploitation  of  the 
advantages  of  flying  the  disc  in  the  floppy  disc  mode.  Fig.  6 
shows  successful  retrieval  of  video  data  from  a  video  player 
which  is  being  casually  hand-held.  Even  the  extreme  environ¬ 
mental  conditions  depicted  (non-stable  mounting  at  an  ex¬ 
treme  angle)  do  not  significantly  alter  retrieval  quality.  Oper¬ 
ation  of  the  video  player  is  considerably  more  reliable  than 
operation  of  an  ordinary  audio  turntable. 

An  important  system  application  indicated  in  Table  I  is 
the  storage  of  file  related  data.  This  data  can  be  text  or  pic¬ 
torial  in  nature,  or  a  combination  of  both.  For  example,  an 
identification  system  based  on  a  standard  driver's  license 
would  be  compatible  with  a  simple  monochrome  data  re¬ 
trieval.  Fig.  7  shows  the  retrieval  of  a  single  fixed  video  frame 
from  a  film  disc.  Here  an  incandescent  source  was  used  with 
detection  effected  by  a  silicon  photodiode.  The  photodiode 
was  operated  with  a  proprietary  non-nominal  current  sensing 
circuit  to  maximize  the  perceived  signal  to  noise  ratio. 

This  type  of  file  material  can  easily  be  indexed,  with  each 
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frame  on  one  disc  or  on  a  sequence  of  discs  being  tagged  with 
a  unique  number  in  one  of  its  vertical  retrace  intervals.  (In 
Fig.  3,  the  vertical  retrace  intervals  aie  visible  as  the  wide 
radial  bands  some  10°  in  extent  These  bands  provide  the 
vertical  synchronization  for  the  video  signal.  An  embedded 


Figure  3.  Appeara  ,ce  of  the  video  film  disc.  This  particuler 
disc  has  a  playing  time  in  excess  of  20  minutes  at  the  full 
NTSC  video  framing  rate. 


indexing  code  in  this  interval  would  not  appear  on  a  standard 
television  display  )  Retrieval  can  be  automated  and  carried  out 
under  either  local  or  remote  computer  control.  Under  local 
control,  a  file  number  manually  loaded  into  the  external  read 
register  of  a  computer  residing  within  the  video  player  would 
initiate  retrieval  of  the  desired  video  frame.  For  more  ex¬ 
tensive  systems,  for  example  in  the  maintenance  of  financial 
or  accounting  file  data,  one  video  player  may  be  interfaced  to 
a  large  number  of  separate  read  terminals.  One  master  com- 
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Figure  S.  Optical/machanical  layout  of  the  standard  playback 
device  which  uses  an  incandescent  source. 


puter  may  then  control  access  to  the  video  tile  by  establishing 
the  appropriate  queing,  system  access  time  is  minimised  by 
buffering  the  file  with  a  frame  grabbing  capability  In  this 
mode,  the  maximum  access  time  to  3ny  frame  on  a  disc  from 
any  one  read  station  should  be  no  more  than  one  second 

In  considering  file  data  applications,  the  characteristics  of 
a  film  stored  data  base  must  be  recognized.  That  is.  a  file 


Figure  6.  The  video  signal  displayed  is  generated  directly 
by  the  hand  held  video  player,  demonstrating  operation 
under  environmental  stress. 


Figure  7.  The  video  frame  presented  on  the  monitor  is  derived 
from  a  video  player  using  a  film  disc  and  an  incandescent 
source  for  illumination. 

Page  W  f  Information  Display 


which  is  continuously  revised  would  more  naturally  be  main¬ 
tained  as  a  magnetic  stored  data  base.  However,  for  those  files 
for  which  file  integrity  is  critical  (such  as  financial  files),  or 
for  those  files  for  which  only  additions  and  not  revisions  are 
needed  (generally  called  library  files),  a  film-stored  data  base 
is  a  clear  advantage 

Of  the  further  systems  applications  listed  in  Table  I.  the  use 
of  the  video  disc  medium  as  an  instructional  device  is  almost 
immediately  obvious.  This  use  can  be  carried  out  at  several 
levels  of  sophistication  At  the  most  primitive  level,  the 
video  disc  and  player  can  be  used  as  a  simple  training  device. 
Physical  actions  and  verbal  instructions  can  be  demonstrated 
and  repeated  in  great  detail  either  continuously  or  over  and 
over,  at  the  requirements  of  the  viewer.  The  software  material 
can  be  segmented  into  a  programmed  sequence,  with  progres¬ 
sion  through  the  sequence  under  viewer  control.  At  the  most 
advanced  level  of  use  of  the  disc  medium,  progression  through 
the  software  would  be  under  local  computer  control.  The 
progression  would  be  determined  by  interaction  between 
the  viewer  and  the  computer:  questions  would  be  generated 
from  the  software  material  on  the  disc,  and  presented  to  the 
viewer  at  appropriate  branch  points.  The  viewer's  responses 
would  be  weighed  by  the  computer,  and  would  be  used  to 
calculate  subsequent  program  progression.  Here  it  is  important 
to  note  that  many  of  these  instructional  applications  would 
involve  only  very  limited  numbers  of  copies  of  discs  on  a  given 
subject.  It  is  in  this  situation  that  the  ease  of  mastering  and 
replication  becomes  the  paramount  consideration. 

The  final  systems  application  in  Table  I  is  the  use  of  the 
film  based  video  disc  as  a  read-only  memory.  In  this  area,  the 
data  storage  capacity  and  the  rate  and  the  accuracy  of  the  data 
retrieval  are  of  primary  importance.  A  typical  full  frame  NTSC 
color  video  signal  is  equivalent  to  in  excess  of  I07  bits  per 
second;  thus  the  video  disc  is  capable  of  delivering  data  at  a 
rate  in  excess  of  10  megabit/sec.  However  the  data  accuracy 
is  compatible  with  the  normal  highly  redundant  video  display, 
and  is  of  a  lower  quality  than  that  generally  required  in  many 
read-only  memory  applications.  Increasing  the  accuracy  to  a 
level  compatible  with  typical  computer  memory  requirements 
entails  considerable  data  redundancy  in  the  form  of  error  de¬ 
tection  and  correction  codes.  Also  the  requirements  of  data 
addressing  on  the  disc  form  a  significant  overhead  on  the  data 
storage  capacity.  As  a  result  of  these  considerations,  optical 
disc  systems  demonstrated  to  date  show  considerably  less 
capability  than  the  I01  2  bits/m2  (I011  bits/disc)  calculable 
attainable  maximum  with  an  optical  read  system. 

Of  course,  if  the  contents  of  the  read-only  memory  are  data 
in  the  form  of  video  images,  the  usual  advantages  of  the  opti¬ 
cal  video  disc  are  available.  A  data  store  used  in  a  refresh  video 
display  would  be  a  natural  application  of  the  video  disc;  this 
type  of  system  has  been  developed  and  is  worthy  of  discussion 
in  some  detail.  In  the  typical  refresh  application,  the  ability 
to  switch  rapidly  from  one  video  image  to  another  is  a  con¬ 
siderable  advantage.  It  is  difficult  to  do  this  using  a  laser  read¬ 
out  from  the  disc.  The  laser  beam  must  be  pointed  to  a  mic¬ 
ron-sized  spot  and  mechanically  steered  from  one  track  to 
another  by  moving  a  mirror.  This  requirement  of  a  physical 
motion  introduces  definite  limitations  on  the  switching  rate 
and  the  maximum  distance  between  tracks  which  may  be 
covered  during  the  switching  time.  Introduction  of  multiple 
laser  readheads.  each  head  with  its  own  steering  optics,  is 
hardly  practicable.  In  contrast,  the  use  of  an  incandescent 
source  for  illumination,  ahd  the  imaging  of  the  disc  surface 
back  up  to  the  detector(s)  allows  immediate  access  to  all  data 
tracks  within  the  optical  field  of  view.  Further,  with  detection 
of  one  data  track  effected  by  a  photodiode,  an  array  of  photo- 


tracks  onto  a  solid  state  detector  array.  Also,  this  type  of  track 
switching  offers  the  prospect  of  completely  eliminating  the 
requirement  of  mechanically  following  video  tracks  in  the 
other  systems  applications  described  above.  The  switching 
rates  required  for  solid  state  tracking  are  quite  low  (<  5kHz) 
and  the  switch  can  take  place  in  the  horizontal  retrace  interval. 
Solid  state  tracking  as  used  on  an  imaging  optica!  system 
eliminates  a  major  mechanical  servo  system  and  considerably 
improves  the  reliability  of  the  video  image  retrieval. 
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Figure  8.  The  video  frame  presented  on  the  monitor  is  con¬ 
structed  from  four  different  data  tracks  on  the  disc.  There 
is  one  read-head  (photodiode)  per  track,  with  an  electronic 
switch  between  tracks  effected  twice  per  line  and  twice 
per  field. 


One  variant  of  this  type  of  system  results  from  the  ex¬ 
tremely  short  switching  time  available,  the  switching  rate  can 
be  increased  to  exceed  the  1 6kHz  horizontal  line  rate  by  two 
orders  of  magnitude.  As  a  result,  one  video  field  can  be  con¬ 
structed  from  a  number  of  distinct  data  tracks.  Fig.  8  shows  a 
replay  in  which  each  video  field  is  constructed  from  an  appro¬ 
priately  switched  set  of  four  photodiodes  detecting  four 
distinct  data  tracks.  Each  of  the  original  data  tracks  generates 
a  video  image  which  consists  of  a  set  of  four  identical  symbols 
(spades,  hearts,  clubs  or  diamonds)  appearing  in  the  four  quad¬ 
rants.  The  video  image  that  results  from  ihe  switching  among 
the  four  data  tracks  shows  a  different  symbol  in  each  quad¬ 
rant.  The  switching  is  carried  out  twice  per  line  and  twice  per 
field;  permuting  the  switching  order  permutes  the  symbols' 
positions.  The  switching  is  clocked  by  a  fifth  photodiode  ob¬ 
serving  a  timing  track  on  the  disc  which  is  adjacent  to  the 
data  tracks. 

Manipulation  of  the  video  signal  by  track  switching  in  this 
fashion  is  possible  only  with  a  light  source  imaging  the  data 
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diodes  provides  a  means  of  switching  in  e  very  short  period  of 
time  (<  200ns)  between  arbitrarily  chosen  tracks.  There  are  no 
mechanical  limitations  on  switching  times,  and  configurations 
in  which  there  is  one  readhead  (that  is,  one  photodiode)  per 
track  may  easily  be  constructed. 
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The  MCA  Disco-Vision  system  can  be  considered  in  terms  of 
three  techniques: 

1.  Mastering 

2.  Replication 

3.  Playback 

1.  MASTERING 

The  recording  medium  is  a  thin  metal  film  evaporated  onto  an 
optically  polished  phte  glass  disc  0.24”  thick.  Glass  was 
chosen  because  it  is  very  uniform  and  because  its  surface  can 
be  made  smooth  and  free  of  scratches,  pits  and  other  blem¬ 
ishes  by  the  well-known  techniques  of  optical  polishing. 
Starting  with  discs  cut  from  twin-ground  plate  glass  the  surface 
may  have  hundreds  of  small  pits  per  square  millimeter.  These 
discs  are  then  reground  with  a  fine  abrasive  to  get  rid  of  the 
deepest  pits.  Finally,  the  surface  is  optically  polished  until  the 
pit  density  is  reduced  to  less  than  10  per  square  millimeter. 
The  disc  is  then  cleaned  chemically  and  transferred  to  a 
vacuum  evaporator  where  it  receives  a  metallic  coating  a  few 
hundred  angstrongs  thick.  For  recording  the  disc  is  transferred 
to  the  mastering  machine  where  a  laser  beam  records  picture 
and  sound  information  by  selectively  melting  the  metallic 
coating. 

The  layout  of  a  twenty -minute  disc  is  shown  in  Fig,  1.  The 
information  track  is  a  spiral  of  2  micrometers  pitch  which  is 
read  from  the  outside  in. 

One  TV  frame  is  recorded  per  revolution  of  the  disc.  The 
information  is  recorded  as  a  series  of  holes  cut  in  the  thin 
metal  film  deposUed  on  the  glass  disc.  The  holes  range  in  size 
from  circles  1  micrometer  in  diameter  at  the  3”  radius  to 
ovals  1  micrometer  x  2  micrometers  long  along  the  path  at  the 
outer  radius.  The  recording  has  a  mean  wavelength  of  3 
micrometers. 

Various  techniques  are  available  to  lengthen  the  twenty- 
minute  playing  time  of  the  described  configuration.  A  forty- 
minute  Disco-Vision  record  has  been  publicly  demonstrated. 

To  minimize  the  cost  of  the  processing  electronics  in  the 
home  player,  the  information  on  the  disc  is  kept  in  the  NTSC 
format  required  by  the  home  TV  set.  The  relative  positions 
and  frequencies  of  the  video,  chroma  and  sound  subcarrier  are 
preserved  when  going  from  the  program  signals  to  the  signal 
represented  by  the  holes  in  the  disc  coating;  therefore,  no 
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re-formatting  or  re-arrangement  of  signal  components  are 
required  in  the  player  and  minimization  of  the  player  cost 
is  accomplished. 

The  choice  was  made  to  record  with  frequency  modulation 
(FM)  because  of  its  immunity  to  noise  at  low  frequencies 
where  much  of  the  system  noise  is.  The  usual  source  of  audio 
and  video  signals  is  a  2”  video  tape  recorder.  The  audio  signal 
is  used  to  frequency  modulate  a  4.5  MHz  carrier.  This  carrier 


controlled  oscillator  (VCO).  This  device  has  a  center  frequency 
of  approximately  7  MHz  and  a  deviation  of  ±1  MHz  for  a  1 
volt  peak-to-peak  video  signal.  The  recording  polarity  is  such 
that  sync  tips  produce  the  highest  frequency,  8  MHz,  and 
saturated  whites  produce  the  lowest  frequency,  6  MHz. 

Fig.  2  shows  the  basic  signal  processing  used  in  mastering 
and  playback.  In  mastering,  the  resulting  FM  signal  occupying 
a  spectrum  from  approximately  2.5  to  1 1.5  MHz,  is  applied 
by  the  cell  driver  to  a  Pockels  cell  electro-optical  modulator. 
The  Pockels  cell  has  incident  upon  it  the  beam  from  the 
record  laser.  Under  the  influence  of  the  signal  from  the  cell 
driver,  the  Pockels  cell  alternately  passes  and  blocks  the  beam, 
thus  allowing  the  beam  to  produce  holes  and  lands  in  the  disc 
coating.  An  adjustable  dc  bias  is  applied  to  the  Pockels  cell  to 
minimize  2nd-harmonic  distortion  that  can  be  generated  in  the 
cutting  proci 

Optical  and  Mechanical  Techniques 

Details  of  the  physical  arrangement  required  for  cutting  a 
master  are  shown  in  Fig.  3.  An  argon-ion  laser  produces  the 


basic  “write”  beam,  which  is  modulated  by  the  Pockets  cell. 
Optics  direct  the  beam  onto  the  disc  to  produce  the  holes 
previously  described.  The  rotatable  Gian  prism  is  used  to 
adjust  the  average  intensity  of  the  beam  reaching  the  disc.  As 
shown  in  Fig.  3,  the  last  few  optical  elements  in  the  write 
beam  are  mounted  on  a  carriage  that  is  moved  along  the  disc's 
radius  by  a  motor-driven  lead-screw.  The  objective  lens  is  sup¬ 
ported  on  an  air  bearing,  which  is  loaded  against  the  surface 
of  the  disc.  A  relatively  small  air  flow  at  moderately  high 
pressure  maintains  the  head  and  objective  lens  at  a  constant 
distance  of  approximately  0.0005  inch  (0.5  mil)  from  the 
surface  of  the  disc.  Fine  focus  adjustment  is  made  by  moving 
the  diverging  lens  on  the  V  block  until  optimum  cutting  is 
obtained. 


Read-While-Write 

Since  there  is  no  need  to  develop  or  process  the  master  in 
order  to  read  it,  an  optical  system  is  included  in  the  mastering 
configuration  so  that  masters  can  be  read  while  they  are  being 
cut.  This  feature  allows  the  recording  parameters  to  be  ad¬ 
justed  while  cutting  and  also  provides  continuous  monitoring 
of  the  video  quality  of  the  master.  Measurements  of  SNR  and 
other  video  parameters  can  be  completed  and  logged  while 
mastering  is  in  progress.  Continuous  monitoring  also  reveals 
defects  in  the  master  which  could  only  be  detected  by  playing 
it. 

The  optical  arrangement  consists  of  a  1  milliwatt  He-Ne 
laser,  a  beam  splitter,  a  second  diverging  lens,  an  adjustable 
mirror  and  an  adjustable  dichroic  mirror  for  combining  the 
read  and  write  beams  before  they  enter  the  microscope  ob¬ 
jective.  The  two  adjustable  mirrors  are  used  to  position  the 
read  spot  about  10  micrometers  down  stream  from  the  write 
spot  and  directly  on  the  track  it  has  just  cut.  The  10  micron 
spacing  insures  that  the  recorded  surface  is  in  its  final  state  at 
the  time  it  is  read.  The  return  beam  comes  out  the  same  way 
it  enters  (the  system  is  retro-reflective)  until  a  portion  of  it  is 
reflected  into  a  PIN  photodiode  by  the  beam  splitter.  The 
diode,  pre-amp  and  discriminator  are  all  components  of  the 
playback  system  described  later  in  this  paper. 


2.  REPLICATION 

After  the  master  disc  has  been  cut,  it  must  be  transformed  into 
a  configuration  from  which  replicas  can  be  made.  This  is  done 
by  transforming  the  essentially  “two-dimensional”  master 
record,  which  consists  of  holes  in  a  thin  metal  film,  into  a 
“three-dimensional”  configuration  which  can  be  used  to  stamp 
or  form  inexpensive,  plastic  replica  discs. 

Master  Transformation 

The  master  is  coated  with  a  photoresist  material  and  is  ex¬ 
posed  through  the  rear  (under-surface)  of  the  disc.  The  ultra¬ 
violet  light  source  exposes  (polymerizes)  the  photoresist 
through  the  information  holes.  The  uncut  metal  film  shields 
the  photoresist  where  there  are  no  holes.  This  results  in  an 
array  of  hardened  areas  which  coincide  with  the  initial  array  of 
information  holes.  The  unpolymerized  photoresist  material  is 
then  washed  away  with  an  appropriate  solvent  leaving  bumps 
over  the  holes.  Depending  upon  the  photoresist  used,  the 
hardening  program  and  other  parameters,  the  height  and  pro¬ 
file  of  these  bumps  may  be  tailored  to  optimize  the  optical 
contrast  between  these  bumps  and  the  surrounding  flat  area 
when  they  are  illuminated  by  the  high  numerical-aperture, 
diffraction  limited  optica!  scanning  system  of  the  player. 

Replica  Forming 

The  prime  method  of  producing  good  quality,  inexpensive 
replica  discs  uses  a  polyethylene  terephthalate  material  and 
is  a  proprietary  process  at  this  time.  It  will  be  treated  else¬ 
where  when  the  patent  circumstances  and  the  proprietary 
element;  permit.  It  has  among  its  advantages  a  better  quality, 
tougher  record,  a  shorter  production  cycle-time,  and  web  or 
automated  belt  handling  of  the  entire  disc  replication  process. 

An  alternate  process  which  has  also  been  employed  involves 
treating  the  transformed  master  described  above  by  electroless 
and  electrodeposition  to  form  a  metal  tool  (“stamper”)  from 
which  replicas  are  therrnofo..m.d,  typically  from  polyvinyl¬ 
chloride  by  a  method  close  to  that  used  to  make  audio  records. 

Post  Forming  Operations 

The  plastic  discs  are  finally  metallized  with  a  reflective  coating 
and  coated  with  a  transparent  plastic  for  protection  against 
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degradation  by  handling  An  alternate  process  to  the  final 
protective  coating  is  to  produce  the  discs  using  a  transparent 
plastic  permitting  optical  reading  of  the  record  through  the 
transparent  back  side.  Due  to  the  limited  depth  of  focus  of 
the  read-out  optical  system,  typically  ±1  micron,  scratches  or 
dirt  on  the  surface  of  the  protective  coating  are  out  of  focus 
and  have  no  degrading  effect  on  the  record  playback.  Optically 
read  records  of  this  type  actually  require  less  care  in  handling 
than  ordinary  audio  LPs. 

The  replicated  discs  are  typically  5  to  10  mils  in  thickness 
and  may  be  configured  either  with  information  bumps  as  indi¬ 
cated  in  the  master  transformation  section  or  information 
holes  made  by  forming  these  bumps  into  a  mating  surface- 
depending  upon  how  many  generations  or  reversals  are  in¬ 
volved  between  the  transformed  master  and  the  final  plastic 
replica.  These  two  configurations  are  both  satisfactory  from 
an  optical  read-out  standpoint. 

3  PLAYBACK 

The  playback  unit  is  self-contained  and  is  designed  to  bf  con¬ 
nected  to  the  antenna  terminals  of  any  domestic  American 
color  television  receiver  to  provide  playback  of  replicated 
videodiscs  It  employs  an  optical  technique  to  read  the  video¬ 
disc  that  does  not  require  any  physical  contact  between  the 
read  head  and  the  videodisc.  This  non-contact  system  provides 
for  long  life  of  both  the  videodisc  and  the  read  head  and  it  also 
permits  freeze-framing  without  any  wear  penalties.  The 
essential  elements  of  the  playback  unit  includes:  (1)  an  optical 
system  that  directs  and  focuses  a  low-power  helium-neon  laser 
beam  to  a  small  read  spot  on  the  surface  of  the  videodisc  and 
then  collects  the  reflected  optical  energy  and  directs  it  to  a 
single  photo-detector;  (2)  a  means  of  rotating  the  videodisc  at 
the  correct  speed;  (3)  a  means  of  positioning  the  read  spot  on 
the  videodisc  surface  which  acquires  and  locks  on  to  the 
spiral  data  track;  (4)  a  means  of  maintaining  the  optical 
system  in  focus  on  the  surface  of  the  videodisc;  (5)  the 
necessary  electronics  to  process  the  signals  for  the  television 
receiver;  (6)  the  controls,  control  electronics  and  power 
supplied  to  operate  and  power  the  unit;  and  (7)  a  functional 
and  decorative  enclosure  to  house  the  unit. 

Optical  System 

The  playback  optical  system  is  shown  in  Fig.  4.  The  laser  tube 
has  a  nominal  output  power  of  1  milliwatt  which  is  single 
mode  (TEMoo)  and  linearly  polarized.  The  laser  beam  is  initial¬ 
ly  directed  by  two  mirrors  that  are  adjustable  for  alignment 
purposes.  The  laser  beam  is  then  expanded  to  fill  the  back  of 
the  objective  lens  by  a  plano-convex  lens.  This  beam  expand¬ 
ing  lens  is  adjustable  along  its  axis  to  provide  for  fine  focus  of 
the  optical  system.  The  beam  is  then  transmitted  through  a 
specially  coated  beam  splitter.  The  direction  of  the  laser  beam 
polarization  is  such  that  most  of  the  beam  will  pass  through 
the  beam  splitter.  A  quarter-wave  plate  changes  the  beam 
polarization  from  plane  to  circular.  The  beam  is  then  directed 
into  the  back  of  the  objective  by  two  mirror  transducers 
which  consist  of  mirrors  that  can  be  rotated  by  piezoelectric 
bender  motors.  These  rotations  produce  a  corresponding 
motion  of  the  read  spot  on  the  disc  surface.  One  transducer  is 
used  to  move  the  read  spot  in  a  radial  direction  to  provide 
the  high  speed  tracking  corrections  required  to  follow  the 
data  track.  The  other  mirror  transducer  causes  the  read  spot 
to  move  in  a  tangential  direction  on  the  videodisc  to  provide 
the  time  base  corrections.  These  high  speed  tracking  and  time 
base  corrections  are  required  because  of  videodisc  eccentric¬ 
ity,  mechanical  vibrations,  etc. 
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The  objective  lens  which  focuses  the  laser  beam  to  a  small 
spot  on  the  surface  of  the  videodisc  has  a  numerical  aperture 
of  .35  and  an  effective  focal  length  of  approximately  12  milli¬ 
meters.  The  laser  light  that  is  reflected  from  the  surface  of  the 
videodisc  is  collected  by  the  objective  lens  and  returned  along 
substantially  the  same  path  that  the  incoming  beam  traveled. 
When  the  reflected  beam  passes  through  the  quarter-wave  plate 
it  is  changed  again  to  plane  polarized  light,  but  it  is  polarized 
at  a  right  angle  to  the  direction  of  the  incoming  laser  beam. 
The  reflected  beam  is  then  reflected  by  the  beam  splitter  to 
the  PIN  photodiode  detector  where  the  optical  signal  is  con¬ 
verted  to  an  electrical  signal  for  processing  by  the  electronics. 
The  use  of  the  plane  polarized  laser  tube,  the  specially  coated 
beam  spliter,  and  the  quarter-wave  plate  results  in  a  high 
efficiency  optical  system  that  minimizes  the  reflected  signal 
that  is  fed  back  into  the  laser  cavity. 

Playback  Signal-to-Noise  Ratio 

Measurements  were  made  of  the  optical  efficiency  of  the 
player  by  comparing  the  energy  returned  to  the  PIN  diode  by 
a  large  “land”  area  on  a  videodisc  and  a  series  or  bumps  having 

2.2  micrometer  wavelength,  corresponding  to  an  FM  fre¬ 
quency  of  6.75  MHz  at  a  3  inch  radius.  The  return  from  the 
large  land  was  10.0%;  from  a  bump  3.0%;  from  the  space 
between  bumps  5.5%.  Hence,  if  a  player  with  a  1  milliwatt 
laser  was  reading  a  2.2  micrometer  recording,  a  peak  to  peak 
signal  of  .025  milliwatt  would  return  to  the  PIN  diode.  This  in 
turn  would  yield  a  photocurrent  of  2x10  "6  amp  RMS.  The 
noise  floor  of  such  a  system  would  be  determined  by  photon 
shot  effects,  thermal  effects,  laser  noise  and  pre-amp  noise. 
Measurements  indicate  that  the  thermal  and  pre-amp  noise 
dominate  and  are  roughly  equal.  They  give  rise  to  a  noise 
current  of  2x10"’  amp  RMS  so  that  the  FM  SNR  would  be 
100:1  or  40  db  assuming  perfectly  recorded  bumps  having  a 

2.2  micrometer  wavelength.  When  demodulated,  this  FM  SNR 
yields  a  video  SNR  of  better  than  58  db  which  does  not  limit 
the  playback  quality.  The  actual  playback  video  SNR  is 
limited  by  replica  disc  quality  and  is  presently  better  than 
40  db. 


Oise  Rotation 

The  videodisc  is  mounted  on  a  turntable  that  is  rotated  at 
1 798.2  revolutions  per  minute  by  an  electric  motor.  The  speed 
of  the  turntable  is  sensed  by  a  tachometer  that  consists  of  a 
phototransistor  and  light  emitting  diode  that  are  located  on 
either  side  of  an  incremental  encoder  disc  that  is  mounted  on 
the  turntable  spindle  The  belt  driven  turntable  spindle  is 
powered  by  a  universal  type  motor  that  is  driven  from  the  ac 
power  lines  using  a  triac.  The  triac  is  controlled  by  a  phase 
locked  loop  control  circuit  that  compares  the  tachometer  out¬ 
put  frequency  with  the  counted  down  output  of  the  3.58  MHz 
crystal  controlled  oscillator  in  the  signal  processing  electronics. 
Thus,  the  spindle  drive  motor  is  brought  to  and  maintained  at 
an  angular  velocity  that  produces  zero  mean  error  between  the 
frequency  produced  by  the  tachometer  wheel  and  that  of  the 
divided  crystal  oscillator.  This  is  the  rate  required  to  make  the 
frequency  of  the  color  signal,  and  hence  the  horizontal  sync 
signal,  within  the  range  of  the  time  base  correction  servo. 

Tracking  Servo 

Due  to  possible  non-concentricity  of  the  replicated  disc  and 
the  turntable,  replicated  disc  out-of-roundness  and  vibration, 
the  read  beam  and  the  tracks  relative  positions  do  not  remain 
constant.  The  tracking  servo  controls  the  radial  position  of  the 
read  beam  in  a  manner  that  results  in  constant  read  beam 
position  within  the  track.  The  ratio  of  opened  to  closed  loop 
gain  in  the  control  loop  would  reduce  a  simple  eccentricity  of 
0.1  millimeters  to  a  reading  error  of  less  than  0.15  micro¬ 
meters.  The  maximum  trackable  eccentricity  is  about  0.25 
millimeters,  but  as  a  practical  matter,  the  replicated  discs  will 
have  eccentricities  less  than  half  that  value. 

Since  the  overall  development  objective  was  aimed  at  a 
reasonably  priced  consumer  product,  a  simple  tracking  and 
information  reading  system  requiring  only  a  single  photo¬ 
surface  for  all  functions  combined  was  developed  (after  con¬ 
sidering  a  variety  of  techniques).  This  not  only  minimizes  the 
cost  of  photo-detectors  and  their  associated  electronics,  but 
even  more  importantly,  reduces  to  one  the  number  of  optical 
paths  that  must  be  critically  aligned  and  registered  during  the 
manufacturing  process.  The  tracking  servo  technique  is  illu¬ 
strated  in  Fig.  5 .  A  single  PIN  photodiode  is  used  to  recover 
the  tracking  servo  and  video  signals.  A  limited  band  with,  high 
gain  dc  pre-amp  outputs  a  signal  that  is  a  function  of  read 
beam  position  within  a  track.  It  is  clear  that  this  signal  is  also 
directly  proportional  to  laser  power  output.  Since  laser  output 
power  is  influenced  by  a  variety  of  conditions,  some  means  of 
compensation  is  required  for  long  term  stable  tracking.  A 
portion  of  the  direct  beam  is  directed  onto  an  inexpensive 
silicon  solar  cell  with  the  cell  output  used  as  a  compensating 
signal  in  the  servo  pre-amp,  allowing  the  tracking  servo  to 
respond  only  to  the  read  beam  position  within  the  track. 

A  dc  bias,  whose  value  represents  position  within  the  track, 
is  summed  with  the  pre-amp  output  and  applied  to  the  ampli¬ 
tude  and  phase  compensation  circuit  which  is  designed  to 
make  the  servo  loop  stable  at  high  gain.  The  compensation 
deviates  somewhat  from  normal  control  theory  techniques 
because  of  the  need  to  compensate  the  high  Q  of  the  piezo¬ 
electric  mirror  transducer  that  changes  the  radial  position  of 
the  read  beam.  The  output  of  the  compensation  circuit  then  is 
applied  to  the  phase  splitter  which  feeds  the  transducer  drive 
amplifiers.  When  the  loop  is  closed,  the  mirror  transducer 
constantly  positions  the  read  spot  with  respect  to  the  track  so 
that  the  average  reflected  signal  corresponds  to  the  set  dc  bias. 

There  is  a  leadscrew  drive  system  which  moves  the  read 
head  on  a  near  radial  path  at  the  nominal  pitch  rate  (2  micro¬ 
meters/revolution).  A  secondary  servo  loop  samples  the  low 


frequency  portion  of  the  servo  signal  to  make  the  average  head 
radius  equal  the  read  spot  radius  during  playback. 

To  implement  stop  motion  and  other  special  effects  a 
means  of  causing  the  read  beam  to  “jump  back”  one  track,  at 
a  predetermined  time,  is  required.  This  is  done  by  injecting 
into  the  tracking  servo  loop  a  modified  impulse  function  with 
sufficient  area  to  move  the  read  beam  one  track  (2  micro¬ 
meters).  Due  to  the  dynamics  of  this  process  several  com¬ 
pensating  signals  are  also  summed  in  the  servo  loop  to  keep 
the  read  beam  positioned  properly  within  the  track  immedi¬ 
ately  after  “jump  back.” 

Time  Base  Correction  Servo 

In  the  normal  television  receiver  the  chrominance  and  hori¬ 
zontal  sync  circuits  are  very  intolerant  of  time  base  errors  in 
the  composite  video  signal.  To  assure  proper  playback  a  cor¬ 
rective  motion  is  applied  to  the  read  spot  in  the  direction  of 
the  information  track.  The  sources  of  time  base  error  are  the 
same  as  for  the  tracking  error.  The  frequency  of  the  burst 
signal  is  used  as  the  basis  of  the  control  action.  With  the  burst 
signal  corrected  all  other  portions  of  the  video  will  be  correct. 
The  time  base  correction  techniques  is  illustrated  in  Fig.  6. 

The  chrominance  signal  is  extracted  from  the  video  and 
applied  as  one  input  to  a  phase  detector.  The  other  input  is 
derived  from  a  narrow  range  crystal  VCO  operating  at  the 
nominal  color  burst  frequency.  A  zeio  order  hold  samples 
the  phase  detector  output  during  the  burst  time-slot.  Thus, 
the  output  signal  has  an  amplitude  proportional  to  the  phase 
difference  between  the  video  burst  signal  and  the  VCO.  This 
signal  is  then  applied  to  an  amplitude  and  phase  compensation 
circuit  (similar  to  the  tracking  servo)  to  stabilize  the  servo 
operation.  The  output  of  the  compensation  circuit  is  applied 
to  a  phase-splitter  and  then  to  the  transducer  drive  amplifiers. 
The  mirror  transducer  constantly  positions  the  read  beam  such 
that  the  video  burst  frequency  is  exactly  identical  to  the 
VCO. 

Since  the  mirror  transducer  has  finite  dynamic  range,  static 
errors  must  be  corrected  by  another  technique.  Another 
loop  has  been  added  to  correct  this  problem.  A  signal  contain¬ 
ing  the  very  low  frequency  components  of  the  main  servo  loop 
is  applied  to  the  referenced  VCO  in  a  manner  to  cancel  the 
static  errors. 
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Reading  Height  Regulation 

The  videodisc  is  maintained  at  the  focus  of  the  optical  system 
by  means  of  a  vacuum  controlled  aerodynamic  reading  head 
that  carries  the  objective  lens.  The  thin  videodisc  is  separated 
from  the  turntable  by  a  film  of  air  when  the  tur  liable  is  ro¬ 
tating  at  speed.  This  film  is  due  to  the  radial  outward  flow  of 
air  drawn  through  a  circle  of  ventilating  holes  bond  in  the 
turntable  just  outside  of  the  clamp  ring.  The  air  film  decreases 
the  coupling  between  the  videodisc  and  the  turntable  enough 
to  permit  a  vacuum  applied  to  the  face  of  the  reading  head  to 
make  a  buldge  in  the  surface  of  the  thin  videodisc. 

The  distance  between  the  reading  head  and  the  surface  of 
the  videodisc  is  stabilized  by  the  balance  between  the  aero¬ 
dynamic  forces  tending  to  push  the  disc  away  from  the  read 
head  and  the  vacuum  that  tends  to  pull  the  disc  toward  the 
read  head.  The  separation  between  the  read  head  and  the 
videodisc  is  controlled  by  vacuum  pressure  and  air  flow  into 
the  vacuum  port  on  the  read  head.  This  fail-safe,  vacuum  con¬ 
trolled,  aerodynamic  reading  head  operates  with  a  head-to-disc 
spacing  of  greater  than  1  mil  and  provides  stiff  head-to-disc 
coupling  that  maintains  the  distance  between  the  objective 
lens  and  the  thin  replicated  videodisc  to  within  1  micrometer 
which  is  adequate  to  keep  the  optical  system  in  focus. 

Discriminator  and  Drop-out  Compensator 

Because  the  FM  encoded  signal  recorded  on  the  disc  is  video  in 
the  NTSC  format  with  the  sound  at  4.5  MHz,  the  signal  pro¬ 
cessing  electronics  can  be  relatively  simple.  As  shown  in  Fig.  7, 
the  video  signal  is  first  recovered  with  a  discriminator  and  then 
used  to  modulate  an  oscillato  tuned  to  an  unused  TV  channel. 
A  more  detailed  description  follows:  The  FM  encoded  in¬ 
formation  from  the  PIN  photodiode  is  amplified  by  a  wide 
band,  low  noise  pre-amp  located  near  the  photodiode.  The 
signal  is  limited  and  applied  to  the  FM  drop-out  compensator. 
Page  16  /  Information  Display 


Due  to  the  nature  of  the  Disco-Vision  record  and  reproduce 
process,  drop-outs  tend  to  be  caused  by  a  missed  half-cycle  of 
the  FM  carrier.  This  requires  a  different  compensation  tech¬ 
nique  than  that  for  systems  such  as  magnetic  tape  where  the 
duration  of  the  dropout  is  generally  a  large  portion  of  a  hori¬ 
zontal  line.  A  missed  half-cycle  of  carrier  looks  like  a  large 
decrease  in  instantaneous  frequency  so  that  the  discriminator 
produces  a  whiter  than  white  impulse  in  the  video  signal.  If 
not  compensated,  the  drop-out  would  produce  a  very  distract¬ 
ing  white  spot  in  the  TV  image.  To  reduce  the  viewers  aware¬ 
ness  of  the  drop-out,  the  playback  electronics  includes  an  FM 
dropout  compensator  which  detects  the  missing  half-cycle  and 
synthesizes  a  signal  to  replace  it.  Although  it  contains  no  in¬ 
formation,  the  synthetic  pulse  greatly  reduces  the  visibility  of 
the  drop-out.  This  entire  section,  including  the  multiplying 
type  of  discriminator,  is  implemented  with  digital  techniques 
for  cost  savings  and  ease  of  alignment. 


Figure  7.  Player  signal  electronics. 

On  rare  occasions  drop-outs  with  a  duration  of  several 
cycles  of  carrier  are  encountered.  When  this  happens  compensa¬ 
tion  is  most  easily  done  in  the  video  domain.  This  is  ac¬ 
complished  by  passing  the  video  signal  through  a  zero  order 
hold  which  operates  normally  in  the  sample  mode.  When  a 
multiple  cycle  drop-out  is  detected,  the  circuit  is  switched  to 
the  hold  mode.  This  supplies  the  last  sampled  value  of  lumin¬ 
ance  signal  for  the  duration  of  the  drop-out. 

After  discrimination  what  results  is  a  full  bandwidth  NTSC 
composite  signal  complete  with  audio  subcarrier. 

The  Disco-Vision  recording  and  reproducing  system,  if  not 
limited  by  the  TV  receiver,  produces  an  image  with  more  than 
450  lines  of  horizontal  resolution  (on  the  basis  of  two  lines  of 
horizontal  resolution  per  cycle  of  video  signal)  and  video  signal- 
to-noise  ratio  of  greater  than  40  db  in  the  replica  disc. 


R.E.  Modulator 

The  R.F.  modulatot  is  illustrated  in  a  portion  of  Fig.  2.  The 
audio  subcarrier  and  the  video  signals  are  separated  by  filters. 
Each  is  then  applied  as  one  input  to  a  pair  of  balanced  modu¬ 
lators.  The  other  pair  of  inputs  are  derived  from  an  oscillator 
tuned  to  the  carrier  frequency  of  the  unused  TV  channel 
selected.  The  outputs  of  the  modulators  are  then  summed  to 
form  the  RF  signal  for  application  to  the  antenta  terminals 
of  a  TV  receiver.  A  switching  arrangement  linked  ti  the  player 
power  switch,  connects  normal  TV  antenna  to  the  TV  receiver 
when  the  player  is  not  in  use. 

Operating  Controls 

The  operating  controls  for  the  playback  unit  are  located  in  a 
control  panel  on  the  top  front  left  corner  of  the  unit.  The 
control  panel  consists  of  a  slide  switch  to  turn  the  unit  on  and 
five  push  button  switches  labeled  “play,”  “stop,”  “in,”  “out,” 
and  “reject”.  The  power  to  the  playback  unit  is  turned  on  by 
the  slide  switch.  The  slide  switch  also  disconnects  the  tele¬ 
vision  antenna  from  the  television  receiver  and  connects  the 
television  receiver  to  the  playback  unit. 

The  “play”  push  button  is  used  to  initiate  the  start  of  the 
playback  sequence  When  it  is  depressed  and  the  cover  on  the 
unit  is  closed  the  turntable  starts  to  rotate  and  the  player  arm 
moves  to  position  the  read  head  over  the  start  of  the  program 
on  the  video-disc.  When  the  turntable  is  up  to  speed  and  the 
player  arm  is  in  position,  the  player  will  automatically  play 
through  the  entire  program  on  the  videodisc  unless  it  is  inter¬ 
rupted  by  pushing  one  of  the  other  push  buttons.  Upon 
completion  of  the  program  the  turntable  will  automatically 
stop  and  the  player  arm  will  move  clear  of  the  videodisc. 

The  function  of  the  “stop”  push  button  switch  is  to  stop 
the  motion  of  the  player  arm  and  “freeze”  the  scene  of  the 
television  screen  to  a  single  TV  frame.  This  single  TV  frame 
will  then  continue  until  interrupted  by  pushing  another  but¬ 
ton.  The  audio  is  suppressed  during  this  stop  motion  sequence. 

The  “in”  push  button  switch  is  used  to  translate  the  player 
arm  in  toward  the  center  of  the  disc  at  approximately  100 
times  the  normal  playing  speed  for  fast  scanning  to  another 
part  of  the  program.  This  fast  scanning  continues  as  long  as 
the  push  button  is  depressed  or  until  the  program  is  completed. 
The  function  of  the  “out”  push  button  switch  is  similar  to  the 
“in”  switch  except  it  translates  the  player  arm  back  toward 
the  start  of  the  program  on  the  disc.  The  optical,  non-contact 
nature  of  the  system  permits  fast  scanning  to  be  performed  at 
will  with  no  wear  or  degradation  of  the  disc.  It  may  be  the 
ideal  way  for  the  consumer  to  locate  a  desired  band  for  play¬ 
back  since  even  with  the  100  times  speed  up  in  the  fast  scan 
arm  translation,  picture  content  can  be  recognized  on  the  TV 
screen. 

The  function  of  the  “reject”  push  button  is  to  terminate 
the  program  and  when  depressed  will  stop  the  turntable  and 
move  the  player  arm  clear  of  the  videodisc. 

Special  Effects  and  AppFcations 

Because  of  the  lack  of  physical  contact  inherent  in  this  optical 
system  and  because  information  or  frames  within  the  disc 
may  be  random  accessed  very  rapidly,  many  applications  in 
addition  to  home  entertainment  are  possible.  These  include 
archival  storage  of  documents  and  facsimiles;  audio-visual 
encyclopedias,  dictionaries,  catalogs,  etc.,  that  may  be  ac¬ 
cessed  immediately  on  a  frame  address  basis;  teaching  machine 
and  educational  applications  which  involve  inter-active  pro¬ 
gramming  with  addressable  sub-routines  and  branching  and 
many  other  applications  where  data,  pictures,  motion  or 
general  audio-video  information  must  be  stored  inexpensively 


and  accessed  flexibly  and  rapidly  To  this  end  initial  work  in 
frame  numbering  and  coding  and  search  programming  has 
been  carried  out. 

Frame  Number  Encoding 

This  is  accomplished  by  placing  within  each  vertical  interval  a 
coded  digital  word  containing  the  following: 

Pseudo  Random  Sync  Words 

Parity  Check 

Five  Decimal  Digit  Frame  Number 

Field  l.D. 

The  information  is  coded  in  a  self-clocking  format  to 
simplify  the  data  recovery  process. 

Scorch  Program 

The  digitally  encoded  frame  identification  data  is  recovered 
with  a  self-clocking  decoder.  The  data  is  stored  in  a  buffer  and 
updated  every  vertical  interval.  A  parity  check  and  pseudo 
random  sync  codes  are  used  to  ensure  only  valid  data  is  used. 
A  five  digit  display  presents  the  number  of  the  frame  being 
viewed. 

When  the  search  mode  is  initiated,  logic  compares  the 
present  frame  number  with  the  desired  frame  number.  The 
direction  in  which  the  desired  frame  lies  is  determined,  and  the 
leadscrew  servo  is  set  into  fast  scan  in  that  direction.  The 
digital  data  is  read  during  the  fast  scan  until  passing  the  desired 
number.  If  the  initial  scan  was  in  reverse,  the  leadscrew  stops, 
and  the  player  resumes  normal  real-time  play  until  the  desired 
frame  is  reached.  If  the  intial  scan  was  forward,  the  leadscrew 
reverses  direction  after  passing  the  selected  number  and  con¬ 
tinues  until  the  number  is  again  passed.  This  places  the  read 
beam  again  ahead  of  the  desired  frame.  The  leadscrew  again 
stops,  and  normal  real-time  play  is  resumed  until  the  desired 
frame  is  reached.  When  the  desired  frame  is  reached,  the  logic- 
switches  to  the  stop  motion  mode  where  the  desired  frame  can 
now  be  viewed.  With  the  present  player,  this  technique  permits 
access  to  any  frame  out  of  about  36,000  within  a  few  seconds 
The  search  logic  has  the  capability  to  perform  other  special 
effects.  They  are  forward  and  reverse  slow-motion  (variable 
rate),  and  single-frame  step  forward  and  reverse. 
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Edit.  Note:  In  Philips  Technical  Review  33,  No.  7  ( published  78  October  7973)  four  articles  have  been  published  on  the 
video  long-play  system  ( VLP ),  which  has  been  developed  at  Philips  Research  Laboratories  (Eindhoven,  The  Netherlands).  The 
first  of  these  four  articles  explains  how  the  information  is  recorded  on  a  Philips  video  long-play  record  and  how  it  is  scanned  by  the 
playing  equipment.  The  other  three  articles  are  about  signal  processing  during  both  recording  and  playback,  the  optical  system  used 
in  the  player  and  the  control  systems.  These  articles  gave  a  picture  of  the  state  of  development  in  the  beginning  of  7973  Of  course 
in  the  meanwhile  further  progress  has  been  made.  —  drs.  J.  W.  Mihenburg,  Editor-in-Chief 


The  Philips  ‘VLP’  system 

Now  that  almost  every  home  and  many  educational 
institutions  have  a  television  set  it  is  natural  to  think  of 
the  possibility  of  using  it,  in  combination  with  a  play¬ 
back  unit,  for  reproducing  programmes  that  have 
been  permanently  recorded  in  some  way  or  another. 
This  gives  the  user  the  freedom  of  being  able  to  watch 
a  programme  he  is  interested  in  at  a  time  convenient 
to  himself  —  the  same  freedom  he  can  enjoy  with  a 
shelf  of  books  or  a  collection  of  gramophone  records. 

The  ‘VLP’  system  1*1  described  here  allows  a  colour- 
television  programme  of  about  30  minutes  duration  to 
be  reproduced  from  a  recording  on  a  ‘gramophone 
record’  30  cm  in  diameter,  the  usual  size  for  a  long- 
playing  record.  The  ‘VLP’  record  can  be  produced 
simply  and  in  quantity  by  the  normal  pressing  tech¬ 
niques.  The  ‘V  LP’  system  is  complementary  to  the  video 
cassette  recorder  (VCR),  which  has  been  on  the  market 
for  some  time,  but  to  some  extent  it  offers  an  alternative 
tc  it.  A  programme  can  be  recorded  as  desired  with 
a  cassette  recorder,  but  it  is  more  expensive  to  produce 
recorded  tapes  than  it  is  to  press  ‘VLP’  records. 

The  development  of  the  ‘VLP’  system  is  the  result 
of  the  combined  efforts  of  a  team  of  specialists  in  very 
divergent  fields.  In  this  article  we  shall  give  a  broad 
general  survey  of  the  system;  the  three  short  articles 
that  follow  will  describe  some  of  the  components  in 
more  detail  m  t2l  t*l. 

The  information  is  recorded  on  the  record  disc  along 
a  spiral  track,  which  occupies  the  part  of  the  disc 
between  the  10  cm  and  30  cm  diameters.  The  speed  at 
which  the  disc  rotates  has  been  made  equal  to  the 
picture  frequency,  25  s_1  for  the  European  market  and 
30  s_1  for  North  America.  As  we  shall  see  later,  this 
offers  some  interesting  possibilities.  If  the  playing  time 
is  half  an  hour,  these  figures  give  a  pitch  of  2  |*m  for 
the  track. 

For  following  a  track  with  such  a  small  pitch  an 
optical  method  is  very  suitable.  In  the  ‘VLP’  player 
this  scanning  is  done  with  a  spot  of  light  1-2  |xm  in 
diameter,  projected  on  to  the  track  by  a  lens. 

The  diameter  of  the  spot  is  of  the  same  order  of  magnitude  as 
the  wavelength  of  the  light  used  in  the  equipment,  and  it  is  there¬ 
fore  no  longer  possible  to  speak  of  a  particular  diameter.  A 
diffraction  pattern  (an  Airy  disc)  is  formed  at  the  focal  plane  of 

Drs  K.  Compaan  is  with  the  Philips  Electro-Acoustics  Division 
( ELA) ,  Eindhoven ;  DrP.  Kramer  is  with  Philips  Research  Labora¬ 
tories,  Eindhoven. 
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the  lens;  this  pattern  consists  of  a  central  maximum  surrounded 
by  successive  dark  and  light  rings.  To  produce  a  pattern  in  which 
the  half-intensity  diameter  is  0.9  to  1.0  pm  at  the  wavelength 
used,  a  lens  with  a  numerical  aperture  of  0.4  is  required. 

The  information  for  the  reproduction  of  a  television 
picture  is  recorded  as  a  succession  of  short  grooves  or 
pits  of  variable  length  and  repetition  frequency.  The 
width  of  the  pits  is  0.8  pm,  and  the  depth  0.16  pm 
(see  the  title  photograph).  Since  in  pressing  a  gramo¬ 
phone  record  the  surface  roughness  does  not  amount 
to  more  than  0.01  pm,  it  is  clearly  a  practical  possi¬ 
bility  to  make  such  a  pattern  in  the  surface  of  a  pressed 
disc. 

If  the  spot  of  light  falls  on  the  surface  of  the  disc 
between  two  of  the  pits,  then  most  of  the  light  will  be 
reflected  back  into  the  objective  lens.  If  on  the  other 
hand  the  spot  falls  on  one  of  the  pits,  the  light  will  be 
deflected  by  diffraction  at  the  pit  in  such  a  way  that 
most  of  it  is  not  returned  to  the  objective  (fig.  /).  In 
this  way  the  intensity  of  the  light  reflected  through  the 
aperture  of  the  lens  is  modulated  by  the  pattern  of 
pits  1*1.  The  intensity  variations  are  converted  into  an 
electrical  signal  by  a  photodiode.  The  width  and 
depth  of  the  pits  in  the  surface  are  arranged  to  give  as 
large  a  modulation  depth  as  possible. 

To  obtain  a  high  signal-to-noise  ratio  in  the  detector 
signal,  the  reflected  beam  should  have  as  high  an 
intensity  as  possible.  If  the  photocurrent  is  too  low,  the 
noise  will  no  longer  be  mainly  determined  by  the 
thermal  noise  in  the  detector,  but  by  the  shot  noise  in 
the  photon  current.  We  have  therefore  used  an  He-Ne 
laser  as  the  light  source.  Also,  to  improve  the  reflectiv¬ 
ity,  the  surface  of  the  ‘VLP’  disc  has  been  coated  with 
a  thin  layer  of  evaporated  metal. 

Some  of  the  members  of  our  team  have  developed  a 
special  technology  that  enables  the  He-Ne  laser  to  be 
manufactured  in  quantity.  This  1  mW  laser  has  been 
built  into  the  player  in  such  a  way  that  it  can  be  of  no 
possible  danger  to  the  user. 

The  information  on  the  surface  of  the  disc  can  be 
read  out  through  a  transparent  protective  layer.  Any 
contamination  or  damage  only  affects  the  outer  surface 
of  this  layer,  and  not  the  disc.  The  diameter  of  the 
beam  at  this  outer  surface  is  much  larger  than  the  spot, 
so  that  these  imperfections  have  very  little  effect  on  the 
detector  signal.  This  arrangement  makes  use  of  the 
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very  small  depth  of  focus  of  an  objective  lens  with  a 
resolving  power  in  the  micron  range. 

To  enable  it  to  be  encoded  in  the  pattern  of  pits, 
the  video  signal  undergoes  a  number  of  special  pro¬ 
cesses  1*1.  The  bandwidths  of  the  brightness  signal  and 
the  colour  signal  are  both  limited  to  some  extent.  The 
frequency  of  the  colour-signal  subcarrier,  which  is 
4.43  MHz  in  the  PAL  system,  is  reduced  to  a  value  of 
1  MHz,  fixed  with  respect  to  the  line  frequency.  This 
allows  the  original  carrier  frequency  to  be  restored 
when  the  record  is  played,  even  if  there  are  deviations 
caused  by  variations  in  the  speed  of  revolution.  The 
sound  is  treated  as  a  frequency  modulation  of  a  250  kHz 
carrier.  The  brightness  signal,  which  modulates  a 
4.75  MHz  carrier,  determines  the  repetition  frequency 
and  the  average  length  of  the  pits,  while  the  prepro¬ 
cessed  colour  and  sound  signals  give  a  modulation  of 
the  length  of  the  pits. 

Work  has  also  been  done  on  other  encoding  systems 
whose  potentialities  include  the  recording  of  a  video 
signal  with  a  wider  bandwidth. 

The  master  record  from  which  the  moulds  are  pro¬ 
duced  for  pressing  the  ‘VLP’  records  is  cut  by  a  laser 
in  the  specially  prepared  surface  of  a  glass  disc.  This 
cutting  is  done  at  the  same  speed  at  which  the  records 
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Fig.  1.  Modulation  of  the  light  by  a  pit  in  the  surface  of  a  ‘VLP’ 
record.  For  clarity  the  system  is  drawn  as  if  the  record  were  trans¬ 
parent,  with  the  beam  incident  from  above  and  a  second  lens 
placed  underneath  the  record  to  receive  the  light.  The  pit  is  also 
shown  many  times  enlarged  with  respect  to  the  rest  of  the  figure. 
If  the  record  surface  is  flat,  all  of  the  incident  light  is  received  by 
the  lower  lens.  If  there  is  a  pit  in  the  surface  there  will  be  diffrac¬ 
tion,  and  some  of  the  light  will  be  deflected;  when  the  pit  is 
correctly  dimensioned  much  of  the  incident  light  will  be  deflected 
away  from  the  aperture  of  the  lower  lens.  In  practice  the  record 
surface  is  reflecting,  and  only  one  lens  is  required  for  concen¬ 
trating  the  light  on  to  the  record  and  receiving  the  reflected  light. 


will  be  played.  A  scene  can  therefore  be  recorded  on 
the  record  directly  from  the  video  camera  or  trans¬ 
ferred  without  delay  from  a  magnetic  tape.  The  moulds 
are  made  in  the  usual  way  from  the  master  by  an 
electroplating  process. 

If  a  ‘VLP’  player  is  to  give  good  results  four  special 
requirements  have  to  be  satisfied.  In  the  first  place,  the 
speed  of  revolution  of  the  record  must  be  kept  constant 
to  an  accuracy  of  1  in  103,  or  the  playback  of  the  video 
signal  will  be  unsatisfactory. 

Secondly,  the  objective  must  remain  focused  on  the 
surface  of  the  record.  Because  of  its  large  aperture  the 
objective  has  only  a  very  small  depth  of  focus.  Although 
the  irregularities  on  the  surface  of  the  record  are 
locally  very  small,  the  deviations  over  a  wider  area 
can  be  as  much  as  0.5  mm. 

In  the  third  place  the  beam  of  light  must  remain 
centred  on  the  track,  even  though  the  track  may  be 
not  truly  circular  (out-of-round)  or  eccentric.  Deforma¬ 
tion  of  the  disc  during  pressing  can  lead  to  out-of- 
roundness;  eccentricity  of  the  spindle-hole  in  the 
record  and  play  between  it  and  the  shaft  of  the  play¬ 
back  unit  can  cause  the  track  to  rotate  eccentrically. 
The  player  must  be  able  to  operate  correctly  even 
when  the  total  deviation  of  the  track  from  the  ideal 
position  is  as  much  as  0.1  mm, 

Finally,  the  complete  optical  system  must  move 
radially  across  the  record  at  the  rate  a',  which  the  track 
advances  (‘tracking’),  without  the  aid  of  a  continuous 
groove  or  other  mechanical  guide  in  the  disc  or  the 
player.  To  m  eet  these  requirements  a  number  of  control 
systems  hav;  been  developed;  these  will  be  described 
in  one  of  the  following  articles  l*l. 

Fig.  2  shows  a  diagram  of  the  ‘VLP’  player.  The 
complete  pick-up  unit  can  move  backwards  and  for¬ 
wards  on  a  carriage  on  rails  underneath  the  record 
disc  1  to  follow  the  track.  The  light  from  the  laser  2  is 
focused  at  the  record  by  the  objective  3.  The  control 
systems  mentioned  above  act  on  the  objective  and  a 
pivoting  mirror  4,  thus  keeping  the  beam  focused  and 
centred  on  the  track.  A  prism  5  ensures  that  light 
reflected  by  the  record  falls  on  the  detector  6. 

The  ‘VLP’  player  can  also  be  used  to  show  the 
pictures  in  reverse  motion,  slow  motion  or  at  higher 
speed.  This  is  possible  because  the  record  rotates 
synchronously  with  the  picture  frequency  —  25  rps  for 
the  European  version,  30  rps  for  the  American  one. 
Consequently  at  each  rotation  of  the  track  the  field¬ 
synchronizing  pulses  always  fall  within  two  fixed 
diametrically  opposite  sections  of  the  record  disc. 

t*I  Trade  Mirk, property  ofN.V.  Philips’  Gloeilampenfabrieken. 
rt!  G.  Bouwhuis  and  P.  Burgstede,  this  issue,  p.  186. 

1*1  W.  van  den  Bussche,  A.  H.  Hoogendijk  and  J.  H.  Wessels, 
this  issue,  p.  181. 

1,1  P.  J.  M.  Janssen  and  P.  E.  Day,  this  issue,  p.  190. 
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(A  television  picture  consists  of  two  interlaced  fields.) 
Wherever  me.  spiral  track  crosses  the  two  sectors  it 
therefore  contains  the  same  information  —  the  field¬ 
synchronizing  signal.  This  means  that  inside  the  sector 
the  beam  can  be  allowed  to  change  from  one  turn  of  the 


turns.  This  will  give  a  ‘picture-book’  of  about  45  000 
different  pictures.  Address  coding  allows  any  particular 
picture  to  be  found  rapidly. 

The  large  number  of  pictures  —  which  can  be  com¬ 
pletely  different  if  desired  —  that  can  be  stored  on  the 


Fig.  2.  Schematic  diagram  of  the  ‘VLP’  playback  unit.  The  record  I  is  scanned  from  below  by 
light  from  the  He-Ne  laser  2.  The  objective  3  is  held  focused  on  the  record  by  a  system  based 
on  a  loudspeaker  mechanism.  The  pivoting  mirror  4  ensures  that  the  beam  remains  centred 
on  the  track ;  the  mirror  is  operated  by  a  rotating-coil  arrangement.  Incident  and  reflected  light 
are  separated  by  the  prism  5.  The  detector  6  converts  the  reflected  light  into  an  electrical  signal. 


track  to  an  adjacent  one,  without  spoiling  the  picture. 
This  is  done  by  applying  a  control  pulse  at  the  correct 
moment  to  the  control  system  for  correct  centring  on 
the  track.  By  continually  repeating  the  same  turn  and 
thus  the  same  picture  in  this  way,  a  stationary  picture 
will  be  obtained.  By  repeating  each  picture  twice  a 
picture  in  slower  motion  will  be  obtained,  and  by 
omitting  every  other  picture  the  action  of  the  scene  will 
be  reproduced  at  twice  the  speed.  A  picture  in  reverse 
motion  is  obtained  by  jumping  back  a  turn  at  each  half 
revolution. 

Because  of  the  accurate  centring  of  the  scanning 
beam  on  the  track  the  cross-talk  between  successive 
turns  is  very  small  (<  —30  dB),  so  that  it  is  possible 
to  record  completely  different  pictures  on  successive 


‘VLP’  record,  and  the  scope  for  manipulation  of  the 
recorded  information,  make  the  ‘VLP’  system  one  that 
cletrly  offers  more  than  the  simple  dissemination  of 
video  information. 

Summary  Television  pictures  are  recorded  on  the  Philips  video 
long-playing  (‘VLP’)  record  in  a  spiral  track  of  pits  in  the  surface. 
The  pits  have  constant  width  and  depth  but  the  lengths  and 
spacings  are  variable.  The  information  is  read  out  by  a  beam  of 
light,  which  is  reflected  at  the  surface  of  the  record.  The  reflected 
beam  is  modulated  by  deflection  of  the  light  through  diffraction 
at  the  pits.  To  enable  the  ‘VLP’  playback  unit  to  operate  at  the 
required  accuracy,  control  systems  have  been  developed  for 
holding  the  speed  of  rotation  of  the  record  constant,  focusing 
the  read-out  beam  on  the  record  surface  and  centring  the  beam 
on  the  spiral  track  without  the  assistance  of  mechanical  guides. 
The  player  can  be  used  to  show  the  recorded  pictures  one  at  a 
time,  and  will  also  allow  them  to  be  shown  in  reverse  motion, 
slow  motion,  or  at  faster  speed. 
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An  Experimental  Optical 
Videodisc  Playback  System 

An  experimental  videodisc  playback  system  baa  been  developed  uaing  a  thin  flexi¬ 
ble  tranaparent  plaatic  diac  aa  the  information  carrying  medium.  The  information 
ia  read  out  by  tranamitting  HcNe  laaer  light  through  the  diac.  Information  ia  atored 
on  the  diac  in  the  form  of  pitted  tracka  or  hill-and-dale  modulated  groovea.  The 
player  haa  a  simple  optical  path  and  aervo  ayatem.  A  magnetically  driven  two-axis 
mirror  controls  the  light  beam  independently  in  the  radial  and  tangential  direc¬ 
tions,  providing  excellent  radial  tracking  and  time-base  correction.  Vertical  focus¬ 
ing  of  the  light  beam  ia  maintained  by  aerodynamic  stabilization  of  the  diac.  A  high- 
frequency  carrier  is  frequency  modulated  with  the  chroma  and  luminance  informa¬ 
tion.  Luminance  bandwidth  is  equal  to  that  normally  used  in  NTSC  receivers. 
Tentatively,  the  sound  has  been  put  on  its  own  FM  carrier  at  a  low  frequency.  A 
transcoder  converts  the  disc  signal  into  an  NTSC  signal  on  a  VHF  carrier.  Because 
the  diac  is  transmissive,  both  sides  can  be  played  without  crosstalk  merely  by 
adjusting  the  focal  plane  of  the  User  light  spot;  the  disc  itself  need  not  be  re¬ 
positioned.  Track  spacings  as  close  as  9,000  tracks  cm  (0.39  in),  corresponding  to 
a  playing  time  of  4  min  43  s/cm,  have  been  achieved  experimentally  with  accept¬ 
able  crosstalk  between  tracks. 


Components  of  the  System 

The  Flexible  Disc 

Most  of  our  experimental  work  has 
been  done  with  thin  flexible  clear  poly¬ 
vinyl  chloride  (PVC)  discs  about  6  mils 
(0.15  mm)  thick.  Diameters  range  from 
8  in  to  12  in  (203  to  305  mm),  with  a 
typical  groove  or  track  density  of  about 
400  per  millimeter.  The  discs  are  made  by 
pressing  of  PVC  film.  An  electron  micro¬ 
graph  of  such  a  disc  is  shown  in  Fig.  1. 
The  tracks  are  sepa-ated  by  about  2.5  um 
center-to-center.  The  pits  are  about  0.3 
Mm  deep  (about  1  /500  of  the  thickness  of 
the  disc)  and  about  0.7  pm  wide.  Their 
length  varies  from  about  1  pm  on  the 
inside  tracks  to  about  2  pm  on  the  out¬ 
side.  The  photograph  was  made  of  a  disc 
stamped  from  a  master  recorded  at  33$ 
r/min  (1/54  real  time)  utilizing  a  blue 
HeCd+  laser.  We  have  recently  been 
successful  in  recording  in  real  time  at 
1 ,800  r/min. 

Optics 

Figure  2  shows  a  diagram  of  the  optical 
system  used  to  read  out  the  transmissive 
disc.  A  1-mVV  HeNe  laser  provides  the 
6328-A  light  which  is  first  focused  by  a 
simple  intermediate  lens  and  then  al¬ 
lowed  to  illuminate  a  servo-controlled 
mirror.  The  final  lens  has  a  field  250  pm 
wide,  which  allows  the  mirror  to  correct 
over  the  necessary  range.  The  numerical 
aperture  of  the  final  lens  is  0.4.  Based  on 
these  figures,  it  can  be  determined  that 
the  diffraction-limited  spot  size  on  the 
record  will  be  less  than  1  pm  and  as  we 
shall  see  this  gives  us  low  crosstalk  be¬ 
tween  channels  while  it  requires  very 
accurate  vertical  focusing  control.  A 

Presented  on  26  April  1974  at  the  Society’s  Tech- 
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split  photodiode  under  the  record  pro¬ 
vides  the  radial  tracking  error  signal  and 
RF  output  for  the  video  and  time  base 
correction. 

Principles  of  the  System 

Radial  Tracking 

To  make  clear  how  the  system  con¬ 
sisting  of  the  laser,  the  pitted  disc  and  the 
split  photodiode  actually  operates,  it  is 
best  to  consider  a  hypothetical  disc  with 
V-shaped  grooves  rather  than  rectangu¬ 
lar  pits.  In  this  case  it  is  easy  to  see  that 
if  the  light  beam  strikes  the  groove  off- 
center,  more  light  will  be  refracted  at  one 
side  of  the  groove  than  at  the  other. 
Being  refracted,  it  is  directed  away  from 
the  vertical  (toward  the  normal  to  the 
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slanted  surface).  After  becoming  com¬ 
pletely  defocused,  it  passes  out  of  the  disc 
where  more  of  it  is  detected  by  one  half  of 
the  split  photodiode  than  by  the  other. 
Because  of  the  unequal  distribution  of 
power  between  the  two  photodiode  parts, 
a  difference  amplifier  can  produce  an 
error  signal  to  drive  the  radial  tracking 
servo.  The  servo  repositions  the  moveable 
mirror  to  correct  the  lateral  position  of 
the  light  spot. 

How  does  this  principle  work  with  a 
pitted  record*  Figure  3  shows  how  the 
beam  is  split  to  create  the  same  radial 
error  information.  Tilted  phase  fronts 
are  created  in  the  disc  if  the  light  beam  is 
not  centered  over  the  pit.  If  the  pits  are 
X/|4(n  —  1)J  deep,  where  \  is  the  wave¬ 
length  of  the  laser  light  (6328  A)  and  n 
is  the  index  of  refraction  of  polyvinyl 
chloride  (1.54),  the  path  difference  be¬ 
tween  air  (inside  the  pit)  and  plastic 
(outside  the  pit)  becomes  90°.  This  is  an 
optimum  condition,  producing  a  maxi¬ 
mum  difference  in  illumination  between 
the  two  photocell  parts.  Pits  of  this  0.3- 
Mm  depth  can  be  tracked  just  like  a  V- 
groove. 

RF  Output 

The  sequence  of  pits  constitutes  half 
cycles  of  an  RF  carrier  which  is  fre¬ 
quency-modulated  by  the  video  informa¬ 
tion.  Passage  of  the  pits  through  the 
focused  light  beam  causes  a  periodic 
change  in  the  direction  of  the  transmitted 
light  along  the  direction  of  the  track. 


Fig.  1.  Electron  micrograph  (2,700  X)  of  optically  recorded,  400  lines/mm  trans¬ 
missive  videodisc. 
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Fig.  3.  Radial  tracking  with  pitied  tracks. 
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Fig.  2.  Player  optical  ryrtem  ('-smmiisive). 

Figure  4  shows  how  this  is  picked  up  by  a  h 
photodiode  which  is  offset  from  the  center  p 
position  of  the  beam.  We  have  also  used  A 
two  diodes  arranged  in  push-pull  along  t< 
the  track.  ft 

Time-Bast  Correction 

A  disc  usually  has  distortions  which  are  It 
physically  impressed  in  the  record  during  (i 
manufacturing.  Unavoidably,  it  is  some-  c 
what  eccentric,  and  there  are  also  varia-  p 
dons  in  the  speed  of  the  spindle.  These  a 
defects  introduce  timing  errors  into  the  r 
video  output  of  the  photodiodes.  These  ti 
must  be  corrected  to  produce  good  pic¬ 
tures  on  a  conventional  receiver.  Figure  tl 
5  shows  some  of  the  record  distortions  we  c 


have  observed.  The  dashed  track  shows  a 
perfect  track  mounted  on  its  true  center. 
Assuming  constant  angular  velocity,  the 
tangential  speed  of  all  points  on  the  per¬ 
fect  track  will  be  equal  because  they  are 
at  a  constant  radius  r  from  the  center. 

Eccentricity  of  the  record  is  caused  by 
locating  the  center  hole  imperfectly 
(displaced  7  axis).  Four-axis  distortion  is 
caused  by  noncircular  grooves  (dis¬ 
placed  X  and  Y  axes).  Both  these  effects 
are  shown  in  Fig.  5.  Here  r'  varies  with 
rotation  causing  variations  in  the  tangen¬ 
tial  speed. 

Figure  6  is  a  block  diagram  illustrating 
the  tangential  mirror  and  spin  motor 
control  systems.  A  tachometer-controlled 
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Fig.  4.  RF  signal  derived  from  pitted  tracks. 
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dc  motor  servo  loop  provides  speed  con¬ 
trol  sufficient  to  handle  expected  line 
voltage  and  motor  load  variations.  The 
tangential  mirror  servo  (the  same  as  the 
r»dial  tracking  servo,  but  using  two  dif¬ 
ferent  coils)  is  controlled  from  an  error 
signal  generated  at  the  output  of  an  FM 
discriminator  tuned  to  a  pilot  carrier 
which  is  recorded  on  the  disc.  We  have 
found  this  easier  than  extracting  the  error 
signal  from  the  horizontal  sync  pulses. 
Photographs  of  TV  pictures  with  and 
without  time-base  correction  are  shown 
in  Fig.  7. 

Vertical  Control 

Laser  light  allows  low  crosstalk  be¬ 
tween  closely  adjacent  tracks  because  a 
very  small  spot  size  can  be  achieved, 
subject  only  to  the  diffraction  limit. 
Along  with  the  advantage  of  a  small  spot 
size,  we  may  use  virtually  all  the  light, 
which  means  that  the  optical  SNR  can  be 
practically  unlimited. 

Using  such  a  small  spot  size  requires 
us  to  manage  with  a  very  small  depth  of 
field  in  such  a  system  on  the  order  of 
3.1  run.  To  achieve  this  accuracy  of 
vertical  control,  we  have  employed  an 
aerodynamic  stabilizing  system  devel¬ 
oped  by  Thomson-CSF  Research  Lab¬ 
oratories  (Fig.  8).  The  flexible  disc  “flies” 
close  to  two  dihedral  surfaces  and  takes 
on  the  shape  of  the  surfaces.  The  disc 
then  enters  the  jaws  of  the  vertical  stabi¬ 
lizer  which  keeps  ihe  upper  surface  of  the 
disc  stable  to  within  about  3  ism.  This  is 
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Fig.  5.  Videodisc  distortions  (sources  of  tangential  timing 
error). 
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Fig.  6.  Player  control  system  block  diagram. 
Hrbek:  Optical  Videosics  Playback  System 
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Fig.  8.  Aerodynamic  stabilizer  developed 
by  Thomson-CSF. 


ts  of  tangciKul  tune-base  correction,  with  set 
externally  synchronized.  Left:  time-base  correction  added;  right:  no  time-base  correc¬ 
tion. 


Fig.  9.  Electron  micrograph  (2 
videodisc. 


700  X)  of  mechanically  recorded  transmissive 


Fig.  10.  Television  pictures  played  from  opposite  sides  of  a  transmissive  videodisc, 
(left)  beam  focused  on  upper  surface;  (right)  beam  focused  through  disc  on  lower  sur¬ 
face. 


achieved  by  the  pressure  of  the  air  en¬ 
trained  by  the  disc  and  forced  into  the 
narrow  space  within  the  stabilizer.  Be¬ 
cause  a  flexible  record  had  been  our  goal 
all  along,  we  have  used  tiiis  system  ex¬ 
tensively  in  our  experimental  work.  It 
eliminates  the  need  for  a  vertical  focus 
seivo  while  permitting  the  use  of  a  simple 
low-cost  record. 

Signal  Processing  With  a  Transcoder 
We  have  used  an  FM  carrier  which 
never  drops  lower  than  twice  the  highest 
frequency,  thus  avoiding  many  inier- 
modulation  problems.  The  only  signals 
which  we  have  tentatively  placed  into  the 
baseband  (below  the  highest  video  fre- 

582 


qucncy)  arc  a  sound  channel  and  the 
pilot  carrier  for  the  time-base  correction. 
There  is  plenty  of  space  for  extra  sound 
channels.  A  transcodcr.  not  unlike  those 
used  in  videotape  equipment,  removes 
the  frequency  fluctuations  from  the 
signal  and  transfers  the  chroma  to  a 
crystal-controlled  3.58-MHz  subcarrier. 

We  arc  experimenting  with  alternative 
signal  encoding  systems,  particularly 
with  a  view  toward  reducing  transcoder 
cost. 

Operation  of  the  Experimental  System 

The  optical  system  described  can  play 
mechanically  cut,  hili-and-dale  grooved 
records  as  shown  in  Fig.  9.  We  have  cut 
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discs  with  mechanical  wavelengths  of 
less  than  1  ^m,  and  this  allowed  us  to  get 
started  long  before  we  were  able  to  record 
discs  optically. 

We  have  successfully  pressed  a  6-mil 
(0.15  mm)  disc  on  both  sides  and  arc  able 
to  play  it  without  turning  the  record 
over.  This  is  shown  in  Fig.  10.  Crosstalk 
between  the  two  sides  is  not  noticeable 
because  —  as  we  have  seen  —  the  beam 
is  completely  out  of  focus  during  its  pas¬ 
sage  through  the  unused  surface.  One 
must  record  the  opposite  side  backwards, 
but  this  should  be  no  problem. 

As  a  consequence  of  our  excellent 
radial  tracking  system  and  the  low  cross¬ 
talk  between  adjacent  tracks,  we  have 
been  able  to  make  and  play  back  records 
with  up  to  9,000  tracks/cm  (0.39  in). 
Playing  times  of  about  45  min  on  one 
side  of  a  12-in  (30i-cm)  record  are 
achievable  with  the  increased  density. 
Coupling  this  with  dual-sided  recording, 
90  min  of  play  may  be  possible  on  a  single 
disc. 

Conclusion 

The  system  just  described  has  many 
advantages.  First,  the  transparent,  flexi¬ 
ble  disc  is  simple  and  inexpensive  and 
requires  no  additional  processing  after 
stamping.  Our  stamping  yield  has  been 
excellent.  The  optical  system  is  also 
rather  simple,  including  the  lens.  There 
is  only  a  single  servomotor.  No  vertical 
focusing  servo  is  required.  It  is  possible  to 
play  both  sides  of  the  record,  but  even  on 
one  side  the  high  density  of  tracks  permits 
long  playing  time. 

The  system  also  has  its  weak  points. 
The  flexible  disc  is  easily  damaged. 
Fingerprints  are  a  problem.  Clearly, 
some  sort  of  protection  is  desirable.  The 
aerodynamic  stabilizer  does  an  excellent 
job  with  flat  discs  but  has  trouble  coping 
with  warped  discs.  I  believe  that  further 
work  will  overcome  these  difficulties. 

Of  course,  I  should  mention  that  this 
system  makes  beautiful  pictures.  When 
we  consider  also  the  simplicity  of  disc  and 
player  and  the  advantages  that  all  optical 
systems  share,  we  have  to  conclude  that 
the  approach  seems  worth  pursuing. 

Acknowledgment:  The  experimental 
work  reported  here  was  done  in  close 
cooperation  with  the  Thomson-CSF 
Research  Laboratories  in  Corb6ville, 
France,  and  it  should  be  emphasized 
that  their  contribution  was  by  no  means 
limited  to  the  aerodynamic  stabilizer. 
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The 

‘SeleotaVIsiaiT 
VideoDisc  System 

The  RCA  “SelectVision”  VideoDisc  has  there  are  4  TV  frames  recorded  during  of  the  stylus  riding  in  the  groove.  In  plwy- 


been  developed  to  satisfy  the  need  for  a 
pre-recorded  video  storage  and  playback 
system  suitable  for  the  home  environ¬ 
ment  To  be  suitable  for  the  consumer 
market,  such  a  system  must  be  reliable, 
easy  to  operate,  provide  a  high  quality 
color  picture  on  a  standard  color  TV 
receiver,  have  a  wide  selection  of  program 
material  and  be  low  in  cost.  The  RCA 
VideoDisc  system  has  these  qualities.  The 
techniques  by  which  they  are  achieved 
are  discussed  in  the  following  paragraphs. 

Three  key  design  decisions  led  to  the 
simplicity  and  low  cost  of  the  RCA 
approach: 

1 .  The  use  of  a  grooved  disc  to  permit 
the  disc  itself  to  provide  positive  tracking 
of  a  stylus  along  the  signal  path  hv  purely 
mechanical  means,  eliminating  the  need 
for  any  expensive  servo  loops. 

2.  The  use  of  capacitance  pickup  from 
a  metallic  electrode  dep< 'sited  on  the 
stylus  to  retrieve  the  signal.  The  advant¬ 
age  here  is  that  the  stylus  is  easy  and  in¬ 
expensive  to  fabricate  in  comparison  to 
any  other  technique  for  retrieving  re¬ 
corded  signals  from  the  disc.  (The  capaci¬ 
tance  pickup  is  capable  of  resolving  signal 
elements  smaller  than  the  wavelength  of 
visible  light,  permitting  RCA  to  take  full 
advantage  of  the  high  density  recording 
capability  of  the  electron  beam  recording 
technique  RCA  has  developed.) 

3.  The  choice  of  a  lower  rotational 
speed  of  450  rpm.  Important  advantages 
are :  Problems  of  vibration  due  to  un¬ 
balance  of  the  disc  or  rotating  parts  of 
the  player  are  significantly  reduced  in 
their  effects.  Errors  in  signal  riming  that 
might  result  from  warp  or  eccentricities 
of  the  disc  occur  at  a  frequency  that  is 
easier  for  the  television  receiver  to 
compensate  for.  More  importantly,  a 
simple  ana  inexpensive  electromechanical 
device,  the  “arm  stretcher,’’  can  be  used 
at  this  lower  rotational  speed  to  reduce 
time-base  errors  thereby  permitting  play¬ 
back  into  receivers  with  the  relatively 
slow  horizontal  synchronizing  circuits 
typical  of  most  U.S.  and  European  made 
receivers,  without  requiring  modification 
of  those  receivers.  A  disadvantage  is  that 
Page  20  /  Information  Display 


each  revolution  of  the  disc,  making  it  less 
suitable  for  stop-action  and  slow-motion 
effects. 

With  the  exception  of  the  stylus,  the 
RCA  VideoDisc  player  is  fabricated  al¬ 
most  completely  from  conventional  and 
familiar  components  of  types  that  have 
been  in  production  for  many  years  in 
consumer  products.  As  indicated  above, 
the  use  of  a  grooved  disc  and  capacitance 
pickup  stylus  contributes  greatly  to  the 
simplicity  and  low  cost  of  the  RCA 
VideoDisc  system.  An  obvious  question  is 
“What  is  the  playing  life  of  the  disc  and 
the  stylus?”  The  discs  have  rom  nely 
exhibited  playing  life  in  excess  of  500 
plays  before  visible  signal  degradation. 
The  life  of  the  sapphire  stylus  is  expected 
to  be  300  to  500  hours  of  playing  time. 
The  stylus  and  stylus  arm  are  housed  in 
an  inexpensive  cartridge,  easily  replace¬ 
able  by  the  user  in  the  home. 

In  a  new  medium  for  entertainment 
and  self-education,  long  playing  time  per 
disc  is  an  important  consideration.  Each 
RCA  disc  is  capable  of  reproducing  a  full 
hour  of  recorded  program,  30  minutes  on 
each  side.  Virtually  any  feature-length 
movie  can  be  sold  in  this  form  as  a  two- 
disc  itself  is  familiar  in  form.  It  is  a  12- 
inch  disc  composed  of  vinyl  copolymer 
materials  of  the  type  used  in  an  ordinary 
audio  disc.  The  metallic  and  dielectric 
coatings  necessary  for  playback  by  means 
of  a  capacitance  pickup  give  the  disc  a 
distinctive  shiny  appearance  and  can  be 
inexpensively  applied  in  an  automatic 
continuous  process. 

Information  on  the  Disc 

The  RCA  VideoDisc  utilizes  a  spiral 
groove  of  roughly  circular  cross  section 
with  a  pitch  of  5555  grooves  per  inch. 
The  information  is  recorded  as  transverse 
slots  of  varying  width  and  separation 
recorded  into  the  bottom  of  the  other¬ 
wise  smooth  groove  and  is  read  out  by  a 
stylus  which  rides  in  the  groove  and  de¬ 
tects  the  passage  of  the  relief  pattern 
under  it  as  the  disc  turns.  Figure  1  shows 
a  model  of  the  record  surface  and  the  tip 


back,  the  disc  turns  at  a  constant  speed 
of  450  revolutions  per  minute.  Lumin¬ 
ance,  chrominance,  and  audio  signals  are 
encoded  in  the  zero  crossings  of  the  relief 
pattern  pressed  into  the  disc.  As  will  be 
described  in  more  detail  later,  an  electron 
beam  is  utilized  in  recording  the  signal 
slots.  The  stylus,  which  is  composed  of  a 
main  body  of  sapphire  shaped  to  fit  the 
groove  and  a  thin  metal  electrode  perp¬ 
endicular  to  the  groove,  detects  the  relief 
pattern  in  the  record  by  changes  in 
capacitance  between  the  tip  of  the 
electrode  and  the  metallic  coating  of  the 
record  surface  as  indicated  in  Figure  2. 

In  order  to  conserve  bandwidth,  the 
chrominance  signal  is  combined  with  the 
luminance  signal  in  a  system  which  we 
call  “Buried  Subcarrier  Color  Encoding.” 
This  system  depends  for  its  operation  on 
the  fact  that  a  television  video  signal,  to  a 
large  extent,  repeats  at  horizontal  line 
rate  and  thus  has  an  energy  spectrum 
with  peaks  at  multiples  of  line  frequency. 
Such  a  signal  can  be  passed  through  a 
comb  filter  with  peaks  at  multiples  of  line 
frequency  with  little  degradation.  The 
luminance  signal  is  passed  through  such  a 
comb  filter  as  indicated  in  Figure  3.  This 
leaves  nulls  in  the  energy  spectrum,  tt  off 
multiples  of  half  line  frequency,  into 
which  the  chrominance  is  encoded.  One 
of  the  nulls  (1 .53  MHz)  is  chosen  for  the 
suppressed  subcarrier  frequency  for  quad¬ 
rature  modulation  by  R-Y  and  B-Y 
chrominance  signals.  Since  these  signals 
also  repeat  at  line  frequency,  the  result¬ 
ing  side  bands  occur  at  multiples  of  line 
frequency  away  from  the  carrier  and  thus 
also  fall  on  the  nulls  of  the  luminance 
comb  filter.  The  modulated  chromance 
signal  is  passed  through  a  comb  filter 
with  transmission  peaks  at  odd  multiples 
of  half  line  frequency,  wh...h  are  inter¬ 
spersed  between  the  peaks  of  the  lumin¬ 
ance  filter.  The  comb  filtered  luminance 
and  chrominance  signals  are  added  to¬ 
gether  to  provide  a  composite  video 
signal  with  a  total  bandwidth  of  3  MHz 
which  is  recorded  on  the  disc  as  an  FM 
signal,  peak  white  recorded  as  6.3  MHz, 
black  as  5.0  MHz,  and  sync  tips  as  4.3 


Figure  1.  Stylus  lip  and  VideoDitc  surface. 


Figure  2.  Stylus  tip  and  VideoDisc  surface  cutaway  view. 
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MHz  as  indicated  in  Figure  4.  On  play¬ 
back,  alter  suitable  demodulation,  the 
chrominance  and  luminance  are  separated 
by  appropriate  comb  filters  and  then  re¬ 
combined  into  a  standard  NTSC  color 
signal.  The  audio  is  included  in  the  re¬ 
corded  signal  by  duty  cycle  modulation 
of  the  composite  video  FM  signal.  With- 
ou*  the  audio,  the  composite  video  FM 
signal  has  a  duty  cycle  of  50%,  i.e.,  the 
lands  are  as  wide  as  the  slots.  The  audio  is 
included  by  deliberately  modifying  the 
video  FM  signal  so  that  the  duty  cycle  is 
not  50%,  i.e.,  by  making  the  lands  peri¬ 
odically  wider  and  narrower  than  the 
slots.  This  is  accomplished  by  frequency 
modulating  suitable  carriers  with  the 
audio  signals,  adding  the  frequency 
modulated  sound  carriers  to  the  compo¬ 
site  video  FM  signal  and  passing  the  sum 
signal  through  a  limiter.  The  result  is  the 
duty  cycle  modulated  composite  video 
FM  signal  which  is  recorded  on  the 
VideoDisc. 

With  the  parameters  that  have  been 
chosen  for  the  RCA  VideoDisc  (450  rpm, 
signals  as  high  as  6.3  MHz,  and  an  inner 
groove  radius  of  3.28  inches),  the  shortest 
recorded  wavelength  is  about  0.6  jim. 
When  duty  cycle  modulation  is  added, 
the  narrowest  recorded  slots  are  about 
0.25  Mm.  It  has  been  found  convenient  to 
record  slots  of  this  width  by  means  of  a 
finely  focussed  beam  of  electrons  imping¬ 
ing  upon  electron  beam  sensitive  material 
(similar  in  many  respects  to  the  more 
conventional  photo-resists). 

The  disc  master  upon  which  recording 
is  done  is  made  by  mechanically  cutting 
trapezoidal  cross-section  grooves  in  a 
copper  coated  aluminum  disc,  applying 
electron  beam  sensitive  material  in  dilute 
solution  to  this  disc,  and  letting  the 
sensitive  material  sag  into  the  grooves  as 
the  solvents  evaporate  as  shown  in  Figure 
5.  The  net.  result  is  a  disc  coated  with 
electron  beam  sensitive  material  with  the 
desired  spiral  groove  pattern  in  its  surface . 

The  coated  disc  is  mounted  on  a  turn¬ 
table  in  a  vacuum  in  an  electron  beam 
disc  recorder  so  that  it  can  both  rotate 
and  translate  under  a  modified  scanning 
electron  microscope  column  as  indicated 
in  Figure  6.  The  electron  microscope  gun 
and  lenses  provide  a  finely  focussed  beam 
of  electrons  at  the  surface  of  the  master 
disc.  Both  deflected  pencil  beams  and 
undeflected  fan  shaped  beams  have  been 
used  for  this  purpose.  In  either  case,  the 
beam  is  turned  on  and  off  to  provide  the 
exposure  required.  Positive  acting  sensi¬ 
tive  materials  are  used,  which  is  to  say 
that  those  portions  c r  the  material  which 
are  struck  by  the  electron  beam  can  be  re¬ 
moved  by  subsequent  development. 

Rotation  of  the  turntable  is  achieved 
Page  22  /  Information  Display 
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Figure  4.  VideoDisc  spectrum. 


Figure  5.  VideoDisc  groove  formation. 
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by  directing  a  jet  of  oil  at  its  periphery 
and  causing  it  to  turn  as  a  turbine.  Speed 
of  rotation  is  measured  by  an  optically 
interrogated  tachometer  disc.  Speed  is 
controlled  by  supplying  more  or  less  oil 
to  the  turbine  drive. 

As  the  turntable  rotates,  it  is  also 
translated  by  a  lead  screw  so  that  the 
electron  beam  remains  centered  on  the 
pre-cut  grooves  of  the  master  disc.  The 
position  of  the  groove  relative  to  the 
electron  beam  is  determined  by  electrons 
back  scattered  from  the  groove  walls  and 
collected  by  suitable  groove  tracking 
sensors.  An  unbalanced  condition  in  the 
groove  tracking  sensors  causes  corrective 
signals  to  be  applied  to  beam  deflection 
circuits  and  the  lead  screw  drive. 

Limitations  imposed  on  the  recording 
system  by  less-than-desired  beam  energy 
and  less-than-desired  resist  sensitivity 
have  dictated  that  recordings  be  done  at 
rates  which  are  less  than  real  time.  Most 
RCA  records  to  date  have  been  recorded 
at  20X  below  real  time,  several  have  been 
recorded  at  5X  below  real  time,  and  a 
few  have  recently  been  recorded  at  real 
time.  The  increase  in  recording  speed  has 
been  achieved  mostly  by  modifications  in 
the  electron  beam  source  and  its  utiliza¬ 
tion  so  that  more  energy  is  available  for 
exposure.  We  are  currently  refining  our 
real  time  exposure  capability  in  our 
research  laboratories  and  plan  that  all  of 
our  recording  will  be  done  at  real  time 
speed  at  time  of  product  introduction. 

After  exposure  and  development,  the 
master  disc  has  the  relief  pattern  which  is 
desired  in  the  final  records,  as  indicated 
in  Figure  1.  Metal  parts  are  made  for 
stamping  records  by  the  same  methods  as 
used  for  audio  records.  Electroless  plating 
of  the  recorded  master  plus  further  build¬ 
up  by  electroplating  produces  a  negative 
metal  master  This  is  replicated  by  electro¬ 
plating  to  provide  a  positive  copy  (vari¬ 
ously  called  a  mold  or  a  mother).  The 
mold  is  replicated  by  electroplating  to 
provide  a  stamper  which  is  used  to  press 
records.  While  fanout  numbers  are  not 
yet  fully  established,  it  is  estimated  that 
one  recorded  master  will  produce  one 
metal  master,  the  metal  master  will  pro¬ 
duce  10  molds,  each  mold  will  produce 
10  stampers,  and  each  stamper  will  pro¬ 
duce  1250  records.  Thus,  each  recording 
operation  may  result  in  125,000  records. 

The  fir.ll  step  in  the  manufacture  of 
the  records  is  the  application  of  metal  (by 
vacuum  sputtering),  styrene  (by  glow  dis¬ 
charge),  and  oil  (by  an  evaportation  pro¬ 
cess).  The  metal  and  styrene  enhance  the 
electrical  capacitance  variations  expert 
enced  by  the  stylus-record  interface,  and 
the  oil  provides  lubrication  to  increase 
both  record  and  stylus  life. 


Playback  of  Recorded  Information 


As  mentioned  earlier,  playback  of  the 
recorded  information  is  by  means  of  a 
stylus,  riding  in  the  groove,  which  experi¬ 
ences  a  change  in  capacitance  as  the  relief 
pattern  of  the  record  passes  under  the  tip 
of  the  stylus.  The  stylus-record  capaci¬ 
tance  is  made  part  of  a  resonant  circuit 
(at  about  915  MHz),  the  turning  of  which 
is  varied  by  the  stylus-record  capacitance 
variations  as  indicated  in  Figure  7.  When 
driven  by  an  oscillator  of  suitable  fre¬ 
quency  (on  the  skirt  of  the  resonant 
curve),  the  variable  frequency  resonant 


turntable  is  achieved  by  driving  with  a 
synchronous  motor  locked  to  the  power 
line.  Small  perturbations  in  playback 
speed,  due  to  synchronous  motor  hunting, 
record  off  centering,  etc.,  are  corrected 
by  an  arm  stretcher.  This  unit  consists  of 
a  small  electromechanical  transducer 
(similar  to  a  moving  coil  loudspeaker 
element)  which  drives  the  stylus  arm  back 
and  forth  along  its  long  dimension, 
parallel  to  the  record  groove.  If  the 
record  tends  to  run  too  slowly,  the  stylus 
is  pulled  toward  the  transducer  to  in¬ 


circuit  will  provide  a  variable  impedance 
and  thus  a  variable  amplitude  of  the 
oscillator  signal  as  it  passes  through  the 
resonant  circuit.  The  amplitude  modula¬ 
tion  is  stripped  by  a  diode  detector  to 
provide  a  signal  which  rises  and  falls  with 
the  passage  of  the  slots  in  the  record 
under  the  stylus.  This  FM  signal  is  de¬ 
modulated  to  provide  the  composite 
video  signal  mentioned  earlier.  The  audio 
signals  are  recovered  by  appropriate 
filtering  followed  by  FM  detectors. 

Average  speed  control  of  the  playback 


crease  the  relative  speed  between  stylus 
and  record,  and  if  the  record  runs  too  fast, 
the  stylus  is  pushed  away  from  the  trans¬ 
ducer  to  reduce  the  relative  speed.  Error 
signals  to  control  the  arm  stretcher  are 
derived  from  measurements  of  the  color 
burst  frequency  as  the  record  is  played. 

Defect  compensation  is  provided  by  a 
1  H  delay  line,  appropriate  sensing  cir¬ 
cuitry,  and  video  switches  to  substitute 
the  video  from  a  previous  line  whenever 
defects  occur  on  the  present  line. 


System  Parameters  , 

A  summary  of  the  pertinent  parameters  of  the  RCA  VideoDisc  system  follows: 


Record  Diameter 
Record  Thickness 
Rotation  Rate 
Center  Hole  Diameter 
Recorded  Band 

Play  Time 

Recorded  FM  Signal 
Luminance  Bandwidth 
Chrominance  Bandwidth 
Video  Signal  to  Noise  Radio 
Audio  Carriers 
Audio  Bandwidth 
Audio  Signal  Frequency  Deviation 
Audio  Signal  to  Noise  Ratio 


12  inches 

0.07  inches  (at  center  and  outside  rim) 

450  rpm 

1 .5  inches 

2.44  inches  wide 

(5.72  to  3.28  inches  radius) 

30  minutes  each  side 
60  minutes  total  (two  sides) 

4. 3-6.3  MHz 
3.0  MHz 
0.5  MHz 
>40  dB 

716  and  905  kHz 
15  kHz 
±50  kHz 

60  dB  approximately 
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INTRODUCTION-SUMMARY 


The  Digital  Recording  system  is  a  commercially 
feasible  system  for  ultradense  information  storage  and 
retrieval.  A  demonstration  unit  has  been  constructed 
to  illustrate  the  performance  and  engineering  practi¬ 
cality  of  the  system.  The  demonstration  unit  hcs  been 
used  to  record  live  color  TV  signals  for  later  playback. 
Storage  densities  of  300  million  bits  per  square  inch 
have  been  achieved  easily,  a  density  that  allows  30 
minutes  of  TV  programming  to  be  recorded  on  a 
5"  x  7"  record.  The  demonstration  unit  shows  that 
no  new  technology  is  needed  for  commercial  develop¬ 
ment;  only  relatively  inexpensive  components  are  re¬ 
quired. 


The  system  appears  to  have  broad  application. 
For  example,  typewritten  text  can  be  stored  in  digital 
code  in  a  space  several  thousand  times  smaller  than 
the  space  required  by  microfilm.  Complete  computer 
compatibility  is  easily  provided  because  the  informa¬ 
tion  is  handled  in  digital  form.  The  system  can  record 
or  read  out  information  faster  than  any  present-day 
computer  can  handle  and,  if  it  is  desirable,  the  infor¬ 
mation  can  be  encrypted  for  security. 


Record  materials  are  inexpensive  and,  with  the 
appropriate  equipment,  an  entire  record  can  be  trans¬ 
ferred  instantly  for  replication  by  the  supplier.  How¬ 
ever  unauthorized  copies  are  very  difficult  to  make. 


The  system  is  thus  well  suited  for  archival 
storage  and  retrieval,  computer-associated  software  or 
firmware  applications,  high-speed,  on-line  data  log¬ 
ging  or  process  control  applications,  professional  TV, 
professional  audio  mastering,  or  other  information 
handling  problems  where  high  signal-to-noise  ratio,  a 
high  bit  rate  or  a  high  bit  density  is  desirable. 


For  many  special  applications  the  technology 
of  Digital  Recording  can  be  used  essentially  as  it 
stands  and  unit  costs  should  be  quite  competitive. 


For  consumer  TV  playback  units  where  millions 
of  units  would  be  produced,  production  engineering 
can  be  expected  to  bring  manufacturing  cost  down  to 
the  range  of  $120  per  unit.  This  attractive  figure, 
coupled  with  the  prospect  of  copturing  the  entire  mar¬ 
ket  for  record  supply,  suggests  that  a  truly  remarkable 
commercial  opportunity  based  on  Digital  Recording 
may  now  be  developing.  Some  of  the  applications  of 
the  system  are  described  on  the  immediately  following 
pages.  Digital  Recording  promises  to  be  highly  cost 
competitive  in  the  areas  listed  and,  in  many  instances, 
it  offers  entirely  unique  capabilities. 


The  system  is  quite  simple.  Foi  recording  in¬ 
formation,  the  material  to  be  stored  is  converted  to 
digital  code  and  written  as  a  series  of  micron-size  dots 
and  spaces  on  a  fixed  photosensitive  plate.  The  plate 
is  then  either  photoprocessed  or  not,  depending  on 
the  photosensitive  medium  being  used,  and  placed  on 
the  playback  unit,  which  may  be  the  same  unit  used 
for  recording.  In  the  playback  process  the  digital 
tracks  are  scanned  by  a  light  beam  in  the  same  fash¬ 
ion  as  in  recording,  except  that  tracking  adjustment  is 
provided  to  compensate  for  any  small  misplacement 
of  the  record  or  other  mechanical  variation.  The 
playback  beam  will  thus  be  modulated  according  to 
the  digital  code  on  the  record  and,  after  conversion 
to  an  electrical  signal  by  a  photodetector,  the  original 
information  is  recovered  from  the  digital  code  by  con¬ 
ventional  digital  -  to  -  analog  conversion  procedures. 
Fidelity  is  virtually  perfect  and  there  is  no  record  wear 
in  the  process. 


The  Digital  Recording  Corporation  ho  ex¬ 
clusive  license  to  all  patents  and  technology  devel¬ 
oped  in  connection  with  the  Digital  Recording  process. 
Inquiries  concerning  licensing,  application  of  the  pro¬ 
cess  or  related  matters  should  be  directed  to  the 
Digital  Recording  Corporation. 


PRINCIPLES  OF  OPERATION 


Optical/Mechanical  Principles 

A  broad  range  of  design  configurations  is 
encompassed  by  Digital  Recording  system  patents.  For 
the  sake  of  clarity  one  typical  design  configuration 
will  be  described  here  to  illustrate  principles  of  opera 
tion.  The  recording  process  is  described  first. 

The  Digital  Record  itself,  that  is,  the  information 
recorded,  is  a  sequence  of  discrete  microspots  and 
microspaces  distributed  along  curved  paths  on  a 
photosensitive  medium.  A  4'  x  5  record  used  in  the 
demonstration  system  is  shown  in  Figure  3.  In  the 
particular  design  we  are  describing  now,  the  data  are 
scanned  in  serial  order  onto  a  photoplate  by  a  spin- 
nir  scanning  head  that  has  several  equally  spaced 
scanning  apertures  around  its  periphery  (Figure  4). 


FIGURE  4.  Scanning  Arrangement 


An  optical  distributor  fixed  to  the  spindle  of  the  scan¬ 
ning  head  switches  the  recording  beam  from  one 
aperture  in  the  scanning  head  to  the  next  in  such  a 
way  that  the  data  at  the  end  of  one  track  are  picked 
up  at  the  start  of  the  next  track  by  the  next  aperture 
of  the  scanner  (Figure  5). 


FIGURE  5.  Optical  Distributing  System 

To  write  sequential  tracks  on  the  record  it  is 
necessary  to  translate  either  the  record  or  the  scanner. 
It  is  better  for  reasons  that  will  be  discussed  later  to 
have  the  record  fixed  and  have  the  scanning  head 
translate  with  respect  to  the  record  as  shown  (Figure 
6). 


FIGURE  6.  Scanning  Head  Translation 


When  the  recording  is  completed  the  record  is 
photoprocessed  and  replaced  on  the  same  or  similar 
scanning  machine.  The  playback  process  is  then  essen¬ 
tially  the  same  as  the  recording  process.  The  spinning 
scanner  is  translated  with  respect  to  the  record  exactly 
as  before  but  now  the  light  source  is  on,  illuminating 
the  data  track  continuously.  As  the  record  is  scanned 
the  light  strikes  either  bright  spots  or  dark  spots  on  the 
record  and  is,  in  turn,  reflected  back  through  the  opti¬ 
cal  system,  pulsing  precisely  according  to  the  serial  dis¬ 
tribution  of  light  and  dark  spots.  For  negative  process¬ 
ing  a  dark  spot  is  a  "1  bit"  and  a  clear  spot  is  “0  bit". 
Reverse  processing  can  also  be  done.  A  beam  splitter 
in  the  playback  beam  path  directs  a  fraction  of  the 
now  modulated  return  beam  to  a  photoelectric  de¬ 
tector  that  produces  an  electric  signal  carrying  the 
digital  information  of  the  record  (Figure  7). 


BEAM  SPLITTER 


FIGURE  7.  Read  Back  Light  Path 

In  practice,  it  is  necessary  to  arrange  for  a 
tracking  adjustment  to  keep  the  scanning  beam  exactly 
on  the  data  track.  This  is  required  because  the  same 
machine  would  not,  in  general,  be  used  for  both 
recording  and  playback;  therefore,  compensation  for 
slight  differences  between  machines  must  be  made. 
Furthermore,  even  if  the  same  machine  is  being  used 
for  recording  and  playback,  the  record  being  played 
may  be  in  a  slightly  different  position  than  it  was  when 
it  was  recorded,  or  the  several  apertures  of  the  scan¬ 
ning  head  may  not  be  following  the  same  tracks  they 


followed  during  recording.  A  tracking  servo  is  used 
to  deflect  the  beam  slightly  as  required  for  tracking 
during  playback  (Figure  8). 


FIGURE  8.  Correction  of  Tracking  Deviation 

Realizing  that  the  discrete  spots  and  spaces  on 
the  Digital  Record  are  separated  by  only  microns, 
there  is  a  natural  tendency  to  feel  that  such  precision 
can  only  be  attained  with  exceptionally  precise  (arid 
presumably  expensive)  hardware.  It  is  true  that  con¬ 
siderable  final  precision  is  required  in  one  area  but, 
as  will  be  shown,  it  is  possible  to  use  special  and  in¬ 
expensive  production  techniques  to  compensate  for 
those  mechanical  inaccuracies. 

Analog-to-Digital  Conversion  and  Reconstruction 

In  describing  the  principles  of  the  system  so  far, 
it  has  been  simply  assumed  that  we  were  dealing  with 
digitized  information  from  the  outset.  This  would  be 
the  case  for  computer-associated  applications  in  which 
data  are  handled  entirely  in  digital  form.  But,  for 
many  applications  of  Digital  Recording,  the  original 
information  to  be  stored  would  be  in  analog  form. 
For  example,  television  signals,  music,  photographic  or 
microfilm  data  would  all  be  in  analog  form  which  first 
must  be  converted  to  digital  form  for  recording. 

The  methods  for  such  analog-to-digital  (a/d) 
conversion  and  for  the  reverse  process  (d/a)  are  part 
of  well  established  electronics  technology.  It  would 
be  out  of  place  to  discuss  the  standard  methods  in 
detail  here.  The  following  paragraphs  provide  just 
a  brief,  qualitative  sketch  of  the  conversion  process  as 
used  in  this  system  so  that  those  unfamiliar  with  the 
techniques  may  follow  subsequent  portions  of  this 
report  more  easily. 


schematically  at  the  top  of  the  figure.  One  may  imag¬ 
ine  the  original  signal  to  be  voltage  variations  corre¬ 
sponding  to  music  picked  up  by  a  microphone  or  one 
can  think  of  it  as  an  incoming  television  signal.  The 
signal  is  sampled  very  rapidly;  effectively  it  must  be 
sampled  at  a  frequency  at  least  twice  as  high  as  the 
highest  frequency  component  to  be  retained  from  the 
signal.  Each  sample  may  be  considered  an  instantane¬ 
ous  measurement  of  voltage.  The  sample  voltage  has 
some  numerical  value  which  we  might  write  in  decimal 
form  (0.53  volts,  for  example).  All  such  decimal  num¬ 
bers  can  also  be  expressed  in  binary  code  or  other 
digital  code  and  typically  the  a/d  conversion  process 


The  general  process  is  illustrated  in  Figure  9. 
Beginning  with  a  time  varying  analog  signal  as  shown 


FIGURE  9. 


consists  of  producing  a  continuous  string  of  digitally 
coded  numbers  corresponding  to  a  continuous  se¬ 
quence  of  samples. 

With  a  binary  code,  a  number  may  be  written 
with  |ust  two  symbols,  e.g.,  on-off,  yes-no,  black-white, 
etc.  Thus  by  coupling  electrical  pulses  corresponding 
to  a  digitally  coded  number  to  a  light  beam  modu¬ 
lator  we  can  impress  pulses  on  a  light  beam  and  use 
the  modulated  beam  to  produce  a  set  of  dots  and 
spaces  on  the  photosensitive  record.  The  dots  and 
spaces  are  in  effect  simply  numbers  recorded  one 
after  another  in  a  digital  code.  They  correspond  to 
a  sequence  of  samples  of  the  analog  signal. 

As  shown  in  the  bottom  half  of  the  accompany¬ 
ing  diagram,  the  playback  process  is  just  the  reverse 
of  the  recording  process.  Light  pulses  are  converted 
to  a  digital  electrical  signal  from  which  the  analog 
signal  is  reconstructed  electrically. 

From  this  brief  description,  one  can  see  that 
one  of  the  basic  concerns  in  any  a/d  and  d/a  process 
is  whether  the  final,  reconstructed  analog  signal  is  a 
sufficiently  faithful  reproduction  of  the  original  one. 
There  are  two  main  factors  involved.  First,  the  sample 
slices  must  be  sufficiently  thin;  that  is,  the  sampling 
frequency  must  be  high  enough.  Second,  it  is  impor¬ 
tant  to  be  able  to  express  the  numerical  value  of  the 
sample  precisely.  Just  as  we  need  many  significant 
figures  to  write  a  decimal  value  precisely,  many  bits 
are  required  to  write  a  digital  number  precisely.  If 
only  coarse  values  can  be  written  for  the  sample 
values,  there  will  be  too  much  jump  from  one  vertical 
bar  in  the  reconstructed  signal  to  the  next.  The  result 
is  "digital  noise",  a  static-like  effect.  To  write  precise 
sample  values  requires  adequate  digital  word  length. 

The  design  engineer  thus  has  to  decide  what 
sampling  frequency  to  use  and  how  many  bits  per 
word  to  allow.  The  product  of  sampling  frequency 
times  word  length  is  the  "bit  rate",  the  number  of  bits 
per  second.  Fortunately,  the  theory  and  the  art  of 
these  considerations  are  very  well  developed.  Elec¬ 
tronic  digitization  and  reconstruction  can  thus  be  ac¬ 
complished  with  an  accuracy  that  often  exceeds  pres¬ 
ent  capability  for  transforming  the  raw  information  to 
an  analog  signal  in  the  beginning,  and  distortion  is 
nonexistent  after  digitizing. 

There  is  one  last  thing  to  add  to  this  brief  dis¬ 
cussion  of  a/d  and  d/a  conversion.  The  process  de¬ 
scribed  above  is  a  reasonable  one,  and  one  we  have 
used  on  occasion.  But  for  many  kinds  of  analog 
signals  there  is  a  more  efficient  procedure;  really  just 


a  variation  of  what  we  have  described.  Rather  than 
digitize  the  actual  values  of  the  analog  samples,  it  is 
often  better  to  measure  and  digitize  just  the  change 
from  one  sample  to  the  next.  The  changes  are  typi¬ 
cally  smaller  than  the  sample  values  themselves;  con¬ 
sequently  shorter  digital  numbers  can  be  written.  This 
technique  of  dealing  with  differences  rather  than  abso¬ 
lute  values  goes  by  the  general  name  "differential 
modulation".  It  allows  even  more  information  to  be 
put  on  a  record. 

5.  DESIGN  CONSIDERATIONS 

Existing  demonstration  hardware  operates  very 
much  as  described  in  the  preceding  paragraphs.  The 
demonstration  apparatus  was  designed  to  illustrate 
:iot  only  performance  capability  but  also  the  engineer¬ 
ing  practicality  of  the  system.  The  recording  and 
playback  of  live  color  TV  offered  a  very  stringent  test 
of  performance  capability. 

With  this  practical  demonstration  now  accom¬ 
plished,  all  of  the  markets  listed  at  the  beginning  of 
this  report  are  clearly  within  reach.  Several  of  the 
market  applications  listed  could  be  met  by  production 
versions  of  hardware  that  would  be  much  like  the 
demonstration  apparatus  itself. 

Figure  10  illustrates  the  principal  components 
of  the  demonstration  unit.  The  unit  itself  is  shown  in 
the  photograph. 

Figure  1 1  illustrates  how  the  unit  might  be  re¬ 
packaged  for  a  production  version  of  the  system.  The 
main  design  elements  would  be  the  same  but  designed 
for  low  cost  production. 

Cost  factors  will  be  discussed  in  more  detail 
later  but  here  certain  key  cost  considerations  might 
be  noted  that  apply  to  both  the  demonstration  appa¬ 
ratus  and  the  production  version  shown. 

Cost  Advantages  Important  to  Production  Design 

•  Only  simple  on-oxis  optics  ore  used 

•  Conventional  spindle  bearings  available 
from  commercial  sources  are  used 

•  There  is  wide  tolerance  for  wear 

•  Electronics  are  integrated  logic 

•  Mechanical  error  compensation  by  elec 
tronic  or  optical  means. 


These  are  very  important  practical  considerations  for 
a  low-cost  production  design. 


All  of  the  discussion  so  far  has  centered  on  a 
system  using  a  single-track,  mechanically  scanned 
record.  However,  that  design  is  only  one  of  many 
design  configurations  covered  by  Digital  Recording 
patents.  Figure  12  illustrates  diagrammatically  the 
range  of  design  choices  available  beginning  with  scan¬ 
ner  arrangements  at  the  top  of  the  figure.  The  system 
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FIGURE  12.  System  Design  Choices 


that  has  already  been  discussed  is  marked  on  the 
diagram  with  a  dotted  line.  Similar  sets  of  choices 
are  available  for  record  format  and  for  record  ma¬ 
terial  as  shown  in  Figures  13  and  14.  For  future  de- 
veiopment  of  Digital  Recording  and  special  applica¬ 
tions  of  the  system,  the  broad  range  of  choices  avail¬ 
able  to  the  designer  provides  considerable  system 
flexibility. 


FIGURE  13.  Record  Format  Design  Choices 


FIGURE  14.  Record  Material  Design  Choices 


An  important  overall  design  consideration  is 
that  of  avoiding  the  shortcomings  of  'competitive" 
systems  and  of  gaining  relative  performance  and  cost 
advantages.  Without  going  into  descriptions  of  other 
advanced  recording  systems  (Philips,  MCA,  Zenith, 
Thomson  CSF),  a  list  is  given  in  Figure  15  of  the  com¬ 
petitive  advantages  provided  by  Digital  Recording. 


In  summarizing  design  considerations  it  should 
be  noted  that  a  remarkably  broad  range  of  design 
choices  are  available  under  the  Digital  Recording 
patents.  The  possible  design  variants  span  the  most 
attractive  approaches  in  a  major  new  field  of  infor¬ 
mation  storage  and  retrieval  hardware.  The  design 
flexibility  available  is  adequate  to  sustain  continued 
technological  innovation  in  this  field  for  many  years. 
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INFORMATION  DENSITY 


450  MEEH.  12in 


COMPARATIVE  COST  STUDIES 


VALUE 


Metric  Unit  Prefixes 


MULTIPLES  a  PREFIXES  SYMBOLS 
SUBMULTIPLES 


1  000  000  000  000** 

10  12 

tera 

1  000  000  000 

10  9 

giga 

1  000  000 

10  6 

mega 

1  000 

10  3 

kilo 

100 

10  2 

hecto 

10 

10 

deka 

0..”* 

10 

deci 

ft  ft  1 

io  "  ^ 

A  A  Ok  A  2 

U.UI 

IU 

cent! 

0.001 

10  '3 

milli 

0.000  001 

10 -6 

micro 

0.000  000  001 

10  "  9 

nano 

0.000  000  000  001 

IO-12 

pico 

Most  commonly  used. 

In  accordance  with  SI  Standards,  a  comma  is  never  used  to  show 
thousands.  Instead,  group  digits  in  threes  and  leave  a  space  between. 

In  accordance  with  SI  Standards  in  the  "metric  system”,  a  zero  "0" 
is  placed  to  the  left  of  the  decimal  point  in  metric  dimensions  of  less 
than  one  millimetre. 


Figure  5. 
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Figure  6.  5th  Generation  Copy  From  525  Line  Screen  of  Chicago  Telephone  Directory  (Courtesy  Zenith  Radio  Corp.) 
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